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PREFACE, 


In  the  earliest  days  of  renal  surgery,  tests  of  the  func- 
tions of  the  kidneys  proved  a  very  necessary  corollary  to 
catheterization  of  the  ureters. 

The  last  two  decades  have  seen  a  growth  from  the  first 
tentative  experiments  into  a  well-established  system  of 
present-day  renal  diagnosis,  which  has  formed  the  basis 
of  a  great  and  almost  unexpected  increase  of  renal 
surgery. 

The  various  departments  and  applications  of  the  new 
diagnostic  methods,  to  the  details  of  which  Professor 
Frisch  (Urological  Department  of  the  Vienna  Polyclinic) 
has  always  devoted  the  most  careful  study,  have  led  to 
the  establishment  of  a  highly  individualized  physiological 
diagnosis  of  the  clinical  symptoms,  based  on  a  sound 
theoretical  basis,  in  distinction  to  our  former  more  or 
less  stereotyped  indications  for  treatment. 

The  aim  of  recent  advances  in  modern  functional 
renal  diagnosis  is  to  substitute  a  diagnosis  based  on 
physiology  for  empirical  rules,  to  complete  the  general 
judgment  of  the  renal  functions  by  "  topical  "  tests  of  the 
various  separate  functions  of  the  kidney. 

Renal  surgery  owes  to  these  endeavours  the  greatest 
advances  and  extensions  in  assessing  the  indications  for 
nephrectomy  and  for  conservative  operation  ;  but  the 
new  methods  also  show  promise  of  great  value  in  the 
internal   treatment   of  renal  diseases  by  affording  a  more 
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certain  and  definite  recognition  of  the  various  forms  of 
renal  complaints  and  a  rational  method  of  treatment, 
quite  different  from  the  usual  cut-and-dried  methods  of 
treating  nephritis  which  have  hitherto  been  practised. 

In  short,  the  present  volume  is  intended  to  give  a 
historical  resume  of  the  early  work  in  functional  renal 
diagnosis  and  a  description  of  its  present  condition,  illus- 
trated by  examples  chosen  from  our  personal  clinical 
experience. 

We  feel  that  both  practitioners  and  students  should 
quickly  become  conversant  with  this  new  province  of 
functional  diagnosis  ;  in  those  sections  in  which  our 
knowledge  is  naturally  somewhat  defective,  they  should 
undertake  fresh  physiological  and  pathological  experi- 
ments and  clinical  tests  by  new  methods  and  on  fresh 
lines  of  research. 

The  Author. 

Vienna. 

TRANSLATOR'S    NOTE. 


The  present  volume  is  a  translation  of  Dr.  Victor 
Blum's  monograph,  "  Nierenphysiologie  und  Functionelle 
Nierendiagnostik,  im  Dienste  der  Nierenchirurgie  und 
der  internet!  Klinik"  (Franz  Deuticke,  Leipzig  and 
Vienna).  The  work  has  been  translated  literally,  and 
a  short  index  has  been  added. 

1  acknowledge  with  many  thanks  the  valuable  assist- 
ance of  Dr.  E.  C.  Morland  in  the  translation,  and  of  Dr. 
D.  Pickering  in  the  revision  of  the  proof-sheets. 

Wilfred  B.  Christopherson. 

Laboratory  of  Clinical  Research, 
Arosa,  Switzerland. 
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RENAL  DIAGNOSIS  IN 
MEDICINE  AND  SURGERY 


In  recent  years  there  have  been  many  improvements 
and  refinements  of  medical  and  surgical  diagnosis  in 
several  branches  of  medicine,  and  these  are  chiefly  due 
to  the  endeavour  to  complete  the  anatomical  diagnosis 
of  disease  by  the  diagnosis  of  the  specific  functions  of 
the  body-organs.  In  many  cases,  it  has  only  been 
possible  by  means  of  the  latter  "  to  recognize  the 
initial  stages  of  the  disease,  i.e.,  the  commence- 
ment of  functional  disturbance  in  the  diseased  organs" 
(O.    Rosenbach). 

For  reasons  which  will  be  shown  in  detail  later,  very 
great  significance  is  attached  to  functional  diagnosis 
of  renal  complaints,  and  specially  to  the  testing  of  the 
functions  of  the  healthy  kidney  in  the  interests  of  surgery 
and  internal  medicine. 

It  must  be  admitted  that,  in  spite  of  persistent  work  on 
the  part  of  physiologists,  clinicians,  urological  surgeons, 
experimental  pathologists  and  chemists,  there  is  still 
lacking  a  satisfactory  solution  to  many  points  of  this 
difficult  problem  ;  the  following  pages  are  chiefly  devoted 
to  those  which  have  been  proved  beyond  dispute,  and 
which  have  been  shown  of  clinical  value. 

We  owe  our  present  knowledge  of  functional  renal 
diagnosis  to  the  great  advances  of  physiology  and  the 
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successful  efforts  of  clinicians  accurately  to  analyse  the 
functional  disturbances  in  renal  diseases  and  hence  their 
symptoms,  and  to  bring  the  latter  into  line  with  our 
knowledge  of  their  normal  and  pathological  physiology. 
We  shall  commence,  therefore,  with  an  outline  of  the 
most  important  features  of  renal  physiology  and  an 
analysis  of  the  symptomatology  of  the  diseased  kidney. 
In  tli is,  our  own  standpoint,  as  opposed  to  earlier  views, 
will  be  described  in  detail  with  the  addition  of  recent 
experimental  research  and  clinical  experience. 

A.— THE     PHYSIOLOGY    OF    THE    RENAL 
FUNCTIONS. 

Presuming  the  knowledge  of  the  local  microscopical 
anatomy,  the  work  performed  by  the  kidneys  can  be  fully 
demonstrated  by  analysis  of  the  urine  and  the  comparison 
of  this  end-product  with  the  chemical  composition  of  the 
unelaborated  body-fluid — the  comparison  between  urine 
and  blood. 

Normal  urine  is  a  watery  solution  of  organic  and 
inorganic  salts,  which  leave  the  body  partly  as  products 
of  metabolism,  partly  as  unused  salts  incorporated  with 
the  food,  unless  there  occur  serious  disturbances  in  the 
normal  routine  of  the  organism. 

Owing  to  the  vital  functions  of  the  various  organs  and 
of  every  individual  cell  of  the  animal  body,  to  the  diges- 
tive process,  muscular  work,  &c,  various  substances — 
water,  salts,  products  of  decomposition  of  albumin, 
toxins — reach  the  blood.  To  these  are  added  the  large 
amounts  of  salts  introduced  with  the  food,  drugs,  &c, 
which  only  pass  through  the  organism,  without  being 
absolutely  necessary  for  the  vitality  of  the  organs,  and 
which,  too,  finally  reappear  in   the  urine. 
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A  section  of  the  salts  found  under  normal  and  patho- 
logical conditions  in  the  urine  owes  its  origin  to  the 
specific  synthetic  power  of  the  kidney  (e.g.,  hippuric  acid). 

The  collection  of  all  these  substances  in  the  blood 
would  (as  is  always  seen  in  cases  of  renal  weakness)  lead 
to  serious  intoxication  (uraemia).  Now  the  kidney  is 
inserted  into  the  blood-circuit  and  is  continuously  con- 
fronted with  the  problem  of  freeing  the  blood  from  these 
harmful  substances. 

Physical  chemistry  (v.  Koranyi,  Dreser)  has  taught  us 
that  when  the  kidneys  are  performing  their  normal 
functions,  the  blood  always  possesses  the  same  molecular 
concentration;  this  is  a  postulate  for  the  undisturbed 
course  of  metabolism,  which  can  only  be  maintained 
when  the  blood  can  unload  itself  every  second  by  means 
of  the  kidneys  of  all  substances  which  would  raise  or 
lower  its  molecular  concentration. 

That  the  kidney  is  the  only  organ  which  serves  to 
regulate  the  molecular  concentration  of  the  blood  and 
that  this  function  is  not  also  performed  by  other  glands, 
is  proved  firstly  by  the  results  of  experiments  in  uraemia 
after  nephrectomy,  and  secondly,  can  be  assumed  by  the 
fact  that  the  concentration  of  the  urine  is  extremely 
variable — in  relation  to  the  needs  of  the  blood — while  all 
other  glandular  products,  such  as  milk,  saliva,  bile, 
intestinal  secretions,  have  an  almost  constant  molecular 
concentration  (Frey). 

The  fundamental  function  of  the  kidney  is,  therefore 
osmotic  regulation — to  maintain  at  a  constant  level  the 
molecular  concentration  of  the  blood  by  means  of  its 
specific  powers. 

These  specific  functions  of  the  kidney  are  summed  up 
by  Pauli  as  follows  : — 

(1)  Secretion  of  water. 
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(2)  Absorption  of  water. 

(3)  Selection. 

Apart  from  the  function  of  regulation  of  osmotic  pres- 
sure, we  must  further  mention — 

(4)  Internal  secretion  and  detoxication. 

We  will  first  consider  the  renal  function  of  secretion 
of  water.  Water  is  necessary  for  the  formation  of  urine 
as  a  solvent  for  the  various  salts.  This  comes  from  the 
blood  (1)  from  fluids  introduced  with  the  food,  (2)  from 
the  tissues.  The  water  furnished  by  blood  plasma  "  is> 
in  addition  to  the  crystalloids  in  solution,  bound  up  with 
colloids  (albumin),  like  water  exuding  from  a  gelatinous 
mass  "  (Meyer  and  Gottlieb).  This  water  of  the  blood- 
plasma  is  not  available  for  the  formation  of  urine,  as  it 
could  only  be  separated  by  a  pressure  which  could  never 
be  sustained  in  the  filtering  apparatus  of  the  kidney. 
Only  the  water  present  as  a  surplus  in  the  blood  and 
superfluous  dissolved  salts  appear  in  the  urine  (Lowi). 

The  seat  of  excretion  of  water  is  the  glomerulus.  The 
work  of  the  kidney  in  the  secretion  of  water  depends  on  a 
filtration  of  the  blood  in  the  glomeruli  (Ludwig's  theory). 

The  anatomical  structure  of  the  kidney  explains  the 
possibility  of  this  physical  process.  Two  factors  are  of 
decisive  importance  in  the  filtration  of  a  fluid  :  (1)  The 
size  of  the  surface  of  the  filter,  and  (2)  the  hydrostatic 
pressure.  The  coil-like  design  of  the  glomeruli,  through 
which  in  the  cortex  the  blood  is  expressed  and  spread 
out  over  an  extensive  semi-permeable  membrane,  amply 
satisfies  the  demand  for  a  filtration  surface  of  the  largest 
possible  size.  The  hydrostatic  pressure,  which  is  chiefly 
fixed  by  the  amount  of  blood-pressure  in  the  left  ventricle, 
experiences  in  the  glomerulus — the  organ  of  filtration — a 
considerable  rise,  for  the  vas  afferens  is  about  four  times 
as  large  as  the  vas  efferens  ;  thus  there  takes  place  in  the 
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glomerulus  considerable  congestion  of  the  arterial  blood 
and  a  rise  of  the  blood-pressure. 

In  addition  to  water,  a  section  of  the  crystalloids,  sodium 
chloride  and  other  inorganic  salts  in  free  solution  in  the 
blood  are  extracted  in  the  glomerulus. 

The  energy  of  filtration  in  the  kidneys  is  further 
dependent  on  the  amount  of  water  in  the  blood 
(hyperaemia),  on  the  rapidity  of  circulation  of  the  blood 
in  the  kidneys,  its  content  of  oxygen  (for  venous  blood  is 
unable  to  give  up  its  water),  and  lastly,  on  the  degree 
of  permeability  of  the  membrane  (convolutions  in  the 
glomerulus). 

As  we  have  already  mentioned,  excretion  of  water  is 
only  possible  when  water,  apart  from  that  in  the  plasma 
colloids,  is  present  in  excess.  While  an  infusion  of  water 
produces  severe  polyuria,  the  injection  of  blood-plasma 
or  blood  does  not  increase  the  excretion  of  water  from 
the  kidneys. 

The  importance  of  the  rapidity  of  circulation  of  the 
blood  in  the  kidney  with  regard  to  the  energy  of  filtration 
is  shown  by  the  following  considerations  :  in  cases  of 
obstruction  of  the  renal  vein  there  occurs  a  stoppage  of 
the  secretion  of  urine  in  spite  of  the  abnormal  rise  of  inter- 
nal pressure,  since  the  accumulation  of  urinary  salts  in 
the  glomerulus  without  a  rapid  circulation  of  blood  proves 
a  hindrance  to  filtration  ;  secondly,  in  cases  of  paroxysmal 
tachycardia,  there  so  frequently  occurs  a  pathological 
polyuria  — urina  spastica — under  the  action  of  an  enor- 
mously increased  rapidity  of  the  circulation  of  the  blood. 

The  degree  of  permeability  of  the  filter  membrane  is 
dependent  on  many  circumstances  :  mechanical,  chemical, 
and  often  also  nervous  influences  are  able  to  produce 
instant  changes  in  the  diuresis  of  water. 

The  urine  reaching  the  tubules  from  the  glomeruli  is  an 
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extremely  dilute  solution — "provisional"  urine  (Frey) — 
and  it  is  the  work  of  the  first  convoluted  tubule  proceed- 
ing from  the  glomerulus,  the  descending  loop  of  Henle 
and  the  second  convoluted  tubule  to  undertake  a  concen- 
tration of  the  urinary  fluid.  This  takes  place  partly  by 
reabsorption  of  water  by  the  lymphatic  and  vascular 
systems  surrounding  the  tubules,  partly  by  the  addition  of 
various  salts  from  the  blood,  lymph,  and  tissue  juices  to 
the  newly  formed  and  very  dilute  urinary  fluid,  and  lastly 
by  the  active  secretory  power  of  the  renal  epithelial  cells 
lining  the  tubules. 

This  power  of  reabsorption  relates  not  only  to  the 
water,  but  also  to  the  dissolved  and  easily  diffusible  salts. 
The  amount  of  reabsorption  of  the  salts  is  determined 
by  their  degree  of  diffusibility,  and  is  also  dependent  on 
the  temporary  condition  of  the  epithelial  cells,  their 
abundance  or  lack  of  salts  (O.  Lowi,  Nishi). 

Whilst  the  excretion  of  salts  with  the  water  from 
the  glomeruli  may  be  considered  (Meyer)  as  a  passive 
secretion  of  salts  (washing-out),  the  salt  secretion  of  the 
tubular  epithelium  must  be  described  as  an  active  attri- 
bute of  the  cells.  This  manner  of  secretion  from  the 
epithelium  of  the  tubules  has  been  proved  for  uric  acid, 
urea  and  other  salts.  Passive  salt  secretion  does  not 
only  cccur  in  the  glomerulus,  but  also  in  the  lumen  of 
the  tubules.  We  recognize  a  selective  property  of  this 
washing- out,  inasmuch  as  easily  diffusible  salts  reach  the 
urine  more  quickly  than  those  difficult  of  solution.  "  I 
consider  that  the  constituents  which  characterize  the  urine 
reach  the  already  separated  water  during  its  transit  through 
the  tubules  by  means  of  a  washing-out  of  dissolved  sub- 
stances. In  this  process  of  washing-out,  however,  all  the 
substances  do  not  appear  in  the  same  proportions  as  in 
the  protoplasm  of  the  cells  in   question.     It  depends  on 
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the  character  of  the  dissolved  substance,  on  the  fatty 
content  of  the  protoplasm,  its  colloidal  condition,  its 
chemical  composition,  and  to  what  extent  the  water 
present  in  the  tubules  takes  up  the  dissolved  substances, 
The  normal  washing-out  process  must  be  described  as 
selective  or  biological,  the  secretion  of  dissolved  sub. 
stances  is  selective  "  (Fischer  "  Die  Nephritis,"  p.  93). 

The  nature  of  the  excretion  of  acid  salts,  acids,  salts  of 
phosphoric  acid  and  uric  acid  into  the  alkaline  glomerular 
filtrate  explains  the  acid  reaction  of  the  urine. 

That  the  "  provisional"  urine,  which  can  be  examined 
by  suitable  diuretic  experiments,  is  really  a  glomerular 
filtrate  can  be  taken  as  proved  by  the  researches  of  Frey  ; 
here  sodium  chloride  is  definitely  separated  out  with  the 
water  (Griinwald's  experiments).  The  proof  of  the 
secretion  of  uric  acid  and  urea  in  the  tubular  epithelium 
has  been  established  by  microscopic  and  microchemical 
experiments. 

In  the  case  of  those  pigments  which  have  proved  of 
such  value  in  research  in  renal  physiology  the  site  of 
secretion  is  unsettled — indigo  -  carmine  (Heidenhain), 
carmine  (Chrzonczewski),  congo  red  (Basler),  phenolsul- 
phonephthalein  (Rowntree  and  Geraghty),  and  similar 
substances. 

In  reviewing  the  literature  of  the  subject,  the  contra- 
dictory views  of  the  various  authors  regarding  the  site  of 
separation  of  these  substances  is  very  striking.  As  is  well 
known,  Heidenhain  in  his  classical  experiments  showed 
the  site  of  excretion  of  indigo-carmine  to  be  the  tubular 
epithelium.  Sobieransky,  Griitzner,  Henschen,  Pautynski, 
Schmidt,  and  others  came  in  part  to  other  conclusions 
and  seemed  to  have  proved  that  the  glomerulus  is  the  site 
of  the  secretion  of  this  pigment.  The  same  is  the  case 
with  carmine.     Whilst  Chrzonczewski  and  Wittlich  and 
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Sobieransky  regard  the  glomerulus  as  the  place  of  pro- 
duction of  this  dye,  Schmidt  considers  it  proved  that  the 
secretion  of  this  substance  takes  place  in  the  epithelium 
of  the  tubules. 

Study  of  the  literature  and  tests  of  the  experiments  with 
these  pigments  has  brought  us  to  the  conviction  that, 
firstly,  it  is  not  admissible  from  these  animal  experiments 
(which  contradict  the  pathology  of  human  renal  func- 
tions) in  the  excretion  of  pigments  and  other  foreign 
substances,  to  draw  conclusions  regarding  the  site  of 
secretion  of  the  natural  normal  urinary  salts  and  that, 
secondly,  the  contradictory  views  of  the  authors  regarding 
the  site  of  excretion  of  these  substances  may  be  more  or 
less  reconciled  to  each  other. 

Heidenhain's  experiments  suffer  from  the  defect  that 
he  has  overlooked  the  fact  that  the  glomeruli  and  Bowman's 
capsules  may  be  free  from  the  blue  pigment  because  the 
glomerular  filtrate,  the  " provisional"  urine,  has  an  alkaline 
reaction,  and  indigo-carmine  in  alkaline  solution  is  con- 
verted into  a  yellowish,  almost  colourless  substance.  And 
the  assumption  of  the  authors  that  in  the  carmine  experi- 
ments the  red  coloration  of  the  glomeruli  is  explained 
by  damage  to  the  blood-vessels,  seems  somewhat  arbitrary. 
On  the  basis  of  our  experimental  and  clinical  experiences 
with  various  pigments  and  other  foreign  substances,  I 
should  like  to  suggest  as  probable  that  the  first  small 
quantities  of  these  bodies  are  washed  out  with  the  glome- 
rular filtrate,  but  that  later  the  tubular  epithelium  plays 
an  essential  part  in  their  secretion,  recognizable  in  the 
increasing  concentration  of  the  pigment  eliminated  from 
the  system. 

Krey  puts  forward  the  following  axiom  for  the  produc- 
tion of  the  salts  :  "  There  is  a  simple  way  of  deciding 
whether  a  substance  is  excreted  by  filtration  or  secretion  ; 
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if  its  concentration  in  the  urine  corresponds  to  blood- 
plasma  concentrated  to  the  freezing-point  of  the  urine 
(or  lies  below  this  level),  it  is  excreted  by  nitration  ;  if 
above  this  level,  a  process  of  secretion  in  the  tubules  must 
take  part  in  its  excretion." 

It  is  just  in  the  secretion  of  pigments  that  we  can  best 
follow  up  the  gradual  increase,  and  this,  with  microscopic 
examination  in  animal  experiments,  shows  it  to  be  more 
than  probable  that  the  tubules  are  concerned  in  the 
excretion  of  pigments.  But  the  animal  experiments  of 
Sobieransky,  Frey,  and  others  and  the  pathology  of  the 
human  kidney  make  it  clear  that  the  glomerular  filtrate 
must  also  contain  the  pigment ;  when  the  glomeruli  are 
considerably  damaged  (interstitial  glomerular  nephritis), 
excretion  of  pigment  is  retarded  ;  when  the  glomeruli  are 
in  order  but  the  tubular  apparatus  is  chiefly  affected 
(parenchymatous  nephritis),  the  excretion  of  indigo- 
carmine  is  almost  normal. 

In  the  excretion  of  a  pigment  or  other  foreign  sub- 
stance, there  are  two  separate  phases  : — 

(1)  Reception  into  the  kidney. 

(2)  Disposal,  secretion  by  the  kidney. 

Now  the  healthy  kidney  seems  to  tend  to  dispose  of 
foreign  substances  as  quickly  as  possible,  i.e.,  to  receive 
them  from  the  blood  into  the  renal  parenchyma  and  to 
give  them  up  again  quickly.  Against  all  the  experiments 
with  dyes  made  by  Heidenhain  and  his  successors  to 
ascertain  the  sites  of  secretion  of  the  various  constituents 
of  urine,  it  must  be  argued  that  the  part  shown  by  the 
microscope  to  be  the  site  of  collection  of  the  injected 
substance  may  just  as  reasonably  be  the  site  of  reception 
of  the  pigment  as  the  site  of  disposal.  It  has  not,  how- 
ever, been  proved  that  even  though  the  tubular  epithelium 
is  the  site  of  reception  and  warehouse  of  injected  dyes, 
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it  is  necessarily  the  only  site  of  disposal.  Those  parts 
of  the  kidney  (epithelial  apparatus)  in  which  a  collection 
of  the  pigment  can  be  proved  microscopically,  might  be 
considered  as  inhibitory  organs  against  the  giving  up  of 
salts,  which  might  well  explain  the  remarkable  conditions 
of  pigment  secretion  in  epithelial  nephritis.  If  the  inhi- 
bitory organ  is  the  chief  site  of  disease  and  of  inadequate 
functional  activity,  disposal  of  the  pigment  is  unhindered 
and  takes  place  more  quickly  than  under  normal  con- 
ditions (epithelial,  parenchymatous,  tubular  nephritis). 

Biberfeld,  Basler,  and  N.  Waschetko  have  studied  the  excretion  of 
sodium  ferrocyanide  by  the  kidneys,  a  substance  capable  of  micro- 
chemical  proof  by  means  of  an  extremely  sensitive  colour  reaction 
(Berlin  blue). 

Their  histological  experiments  led  them  to  the  definite  result  that 
the  specific  renal  epithelium  is  the  site  of  excretion,  just  as  Heidenhain 
found  in  the  case  of  sodium  sulphindigotate.  The  sodium  ferro- 
cyanide was  further  found  in  the  lumen  of  the  tubules,  in  the  blood- 
vessels and  in  the  lymph  spaces  of  the  neighbouring  connective 
tissue.  Under  normal  conditions,  Bowman's  capsules  showed  no  trace 
of  the  salt. 

We  have  now  considered  the  work  performed  by  the 
kidneys  in  secreting  and  absorbing  water  and  have 
included  the  secretion  and  reabsorption  of  salts.  There 
remains  another  section  of  the  osmotic  functions  of  the 
kidney,  its  selective  work,  "  which  is  directed  to  the 
preparation  of  urine,  a  fluid,  it  may  be,  osmotically  equiva- 
lent to  the  blood,  but  in  the  individual  concentration  of 
the  various  salts,  different  from  it." 

The  work  of  selection  performed  by  the  kidney 
explains  the  difference  between  the  chemical  constitution 
of  the  blood-plasma  and  the  urine  ;  it  determines  the 
chemical  composition  of  the  urine  ;  while  the  total  quan- 
tity of  the  latter  is  fixed  by  the  work  of  secretion  and 
absorption. 

Lindemann,  on  the  basis  of  extensive  experiments  in  his  laboratory 
at   Kiew,  opposes   the   widely   recognized   theories   of  Ludwig   and 
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Heidenhain  regarding  the  mechanism  of  the  secretion  of  urine  ;  he 
suggests  another  principle  and  rejects  the  possibility  of  filtration  and 
absorption. 

According  to  his  view,  the  specific  tubular  epithelial  cells  secrete 
concentrated  salt  solutions,  which  can  be  shown  microscopically  in 
the  form  of  granules  and  vacuoles  in  their  protoplasm.  The  expulsion 
of  these  filled  vacuoles  through  the  fibrillated  border  of  the  epithelium 
is  brought  about  by  the  action  of  contractile  elements  in  the  cells 
(basal  striation).  These  cells  must  be  regarded  as  condensers  and 
collectors  of  the  bodies  to  be  excreted,  the  salts,  and  amongst  other 
substances,  also  the  injected  pigments. 

This  concentrated  salt  solution  encounters  in  the  pelvis  a  greater 
resistance  than  in  the  cortex,  and  therefore  flows  into  Bowman's 
capsules,  which,  in  consequence  of  the  difference  in  osmotic  pressure, 
are  quickly  filled  with  water  from  the  blood.  It  is  now  that  the 
pressure  in  the  tubules  is  so  great  that  their  contents  are  pressed 
against  the  papillae.  A  mechanism  of  this  kind  certainly  presumes 
an  alternating  action  of  the  various  parts  of  the  kidney,  which 
Lindemann  claims  to  have  proved  by  various  morphological  and 
experimental  researches. 

The  experiments  of  UlomarofY,  made  at  the  instigation  of 
Lindemann,  gave  very  surprising  lesults;  these  were  a  study  of 
compensatory  hypertrophy  of  the  kidney  in  dogs  which  had  under- 
gone unilateral  nephrectomy.  In  one  series  of  experiments  the  dogs 
were  given  after  nephrectomy  large  quantities  of  meat  and  little 
water;  in  the  other  series  they  were  given  3  to  5  litres  of  water  daily 
by  a  stomach  tube.  Strangely  enough,  the  dogs  in  the  first  series, 
whose  urine  showed  a  specific  gravity  of  about  1080,  developed 
extreme  glomerular  hypertrophy,  while  those  of  the  second,  though 
they  passed  several  litres  of  water  daily  with  the  urine  (sp.  gr.  1005), 
did  not  evidence  this  condition  of  the  glomeruli. 

So  far  we  have  considered  the  function  of  the  kidney 
in  regulating  the  osmotic  pressure ;  this  is  the  excretory 
part  of  its  work,  i.e.,  that  part  of  its  function  which  is 
equivalent  to  the  "  permeabilite  du  rein." 

We  must  not,  however,  consider  the  kidney  merely  as 
a  passive  filter,  but  must  attribute  to  it  a  whole  series  of 
active  glandular  functions  ;  we  must  add  to  its  role  as  an 
excretory  organ  that  of  a  secretory. 

In  addition  to  the  secretion  of  salts  in  the  tubules, 
there  fall    into    this    section    of   the    work    done    bv  the 
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kidneys  :  (i)  The  active  cellular  powers  of  the  renal 
elements,  expressed  by  certain  synthetic  functions,  and 
(2)  the  internal  secretion  of  the  kidney. 

The  synthetic  functions  of  the  kidney  demonstrate  the 
action  of  this  organ  as  a  true  gland — new  substances  are 
formed  from  those  introduced  in  the  blood.  The  synthesis 
of  benzoic  acid  and  glycocoll  to  form  hippuric  acid  has 
long  been  known,  and,  as  the  experiments  of  Bunge  and 
Schmiedeberg  in  a  kidney  kept  alive  by  physiological 
methods  prove,  is  to  be  attributed  to  an  active  function 
of  the  renal  cells.  To  the  synthetic  functions  of  the 
kidney,  which  have  received  far  too  little  notice,  must  be 
added  :  The  formation  of  sugar  after  the  injection  of 
phloridzin,  the  reconstruction  of  methylene  blue  after 
subcutaneous  injection  of  the  dye,  which  is  reduced  to  a 
colourless  derivative  in  the  tissues  and  then  excreted  as 
a  blue  dye  again  from  the  kidney  (Albarran),  and  lastly, 
the  conversion  of  bilirubin  into  urobilin  in  the  kidney 
(Gilbert  and  Herscher). 

Lastly,  we  must  briefly  mention  the  internal  secretion 
of  the  kidney. 

From  the  researches  of  Brown-Sequard,  the  founder  of 
the  theories  of  internal  secretions  (1869),  we  have  learnt 
that  there  must  be  some  internal  secretion  of  the  kidney. 
This  worker  first  proved  that  in  human  pathology  the 
suppression  of  renal  function  as  a  result  of  a  lesion  of  the 
kidney  does  not  lead  to  death  from  uraemia  so  quickly  as 
bilateral  nephrectomy.  Brown-Sequard  showed  this  ex- 
perimentally ;  the  animals  (dogs  and  rabbits)  which  were 
subjected  to  ligature  of  both  ureters,  lived  several  days 
longer  than  those  which  had  undergone  bilateral  nephrec- 
tomy. From  these  experiments  he  drew  the  natural 
conclusion  that  the  suppression  of  the  external  secretion 
of  the  kidney  by  ligature  of  the  ureters  was  not  such  a 
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severe  measure  as  nephrectomy,  by  which  both  the 
internal  and  external  secretion  of  the  organ  were  simul- 
taneously annulled.  Uraemia  would  thus  not  only  be  an 
evidence  of  the  collection  of  toxic  urinary  substances  in 
the  organism  but  would  also  be  dependent  on  the 
deficiency  of  the  internal  renal  secretion  and  the  altera- 
tion of  the  chemical  constitution  of  the  blood  caused 
by  it. 

Albarran  and  Leon  Bernard  have  been  able  more  or 
less  regularly  to  lengthen  the  lives  of  animals  which 
had  undergone  nephrectomy,  by  injecting  them  with  an 
extract  from  the  kidney. 

Finally,  Vitzon  succeeded  in  considerably  lengthening 
the  lives  of  such  animals  by  injecting  blood-serum 
obtained  from  the  renal  vein  of  a  healthy  animal.  The 
experiments  of  Meyer,  Tigerstedt,  Ascoli,  and  others  led 
to  similar  results. 

In  the  course  of  their  experiments  in  symbiosis,  the 
conviction  was  forced  upon  Sauerbruch  and  Heyde,  the 
discoverers  of  this  once  popular  method,  that  the  kidneys 
harbour  an  internal  secretion,  deficiency  of  which  pro- 
duces so  considerable  an  alteration  of  metabolism  that 
those  toxic  products  may  arise  which  produce  uraemic 
auto-intoxication. 

By  extracting  fresh  renal  substance  with  cold  water, 
Tigerstedt  and  Bergmann  succeeded  in  obtaining  a 
substance  which  produces  considerable  rise  of  blood- 
pressure  on  intravenal  injection.  This  active  principle 
of  renal  extract  they  called  renin. 

As  a  result  of  extensive  experiments,  Lindemann  was 
led  to  assume  the  presence  of  substances  possessing  a 
specific  action  (after  the  injection  of  expressed  renal 
extract)  which  he  calls  auto-  and  hetero-nephrotoxins. 

Timofeew  ascribes  the  oedema  occurring  in  nephritic 
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cases  to  the  absorption  of  decomposing  cellular  con- 
stituents.    He  calls  these  bodies  nephroblaptins. 

Further,  the  experiments  of  Bradford  and  von  Biedl 
in  removal  of  the  active  renal  parenchyma  led  to  results 
which  seem  to  point  to  the  presence  of  an  internal  renal 
secretion. 

All  the  various  activities  which  are  performed  by  the 
kidneys  in  a  healthy  condition  are  the  sum  of  the 
functions  of  both  kidneys.  The  next  question  is  how 
the  two  organs  share  these  complicated  functions.  The 
answer  to  this  question  is  of  the  greatest  importance, 
especially  in  the  interests  of  surgery,  for,  in  operations  on 
a  paired  organ — in  extirpation  of  one  kidney — we  must 
know  what  share  this  organ  has  taken  of  the  total  renal 
functions,  and  how  the  functional  loss  of  one  will  be 
compensated  by  the  other  kidney. 

We  must  also  attempt  to  get  an  idea  of  each  kidney's 
separate  work — in  the  healthy  state  and  in  unilateral 
disease. 

The  experiments  of  physiologists  (Karl  Ludwig, 
Hermann,  Goll)  and  clinical  experiences  in  the  human 
subject  in  cases  of  ectopia  vesicae  and  unilateral  ristulae 
of  ureter  and  kidney,  showed  that  the  two  kidneys  in 
a  healthy  state  can  produce  varying  quantities  of  urine 
of  a  varying  composition.  The  two  kidneys  also  evince 
an  independence  of  function  in  point  of  time. 

In  opposition  to  this  view,  Casper  and  Richter,  Bardier 
and  Krankel,  Fjedoroff,  Strauss  and  Rumpel,  as  a  result  of 
experiments  in  renal  function  by  means  of  catheterization 
of  the  ureters,  concluded  that  the  two  kidneys  produce 
in  the  same  length  of  time  equal  quantities  of  urine  of  a 
similar  composition  ;  and  this  assumption  formed  the  basis 
of  Casper  and  Richter's  functional  diagnosis.  More  recent 
research  in  animal  experiments,  by  tests  of  renal  function 


RENAL   COMPETENCY   AND    INCOMPETENCY  1 5 

by  catheterization  of  the  ureters  and  in  ectopia  vesicae 
(Albarran,  Pereschiwkin,  Kapsammer,  Steiner,  Unterberg, 
Jankowski)  has  definitely  shown,  however,  that  the  old 
theory  of  physiologists  of  the  dissimilarity  of  the  work  of 
the  two  kidneys  is  correct.  According  to  our  ideas,  too, 
this  fact  seems  to  be  extremely  probable  in  itself,  since 
in  anatomical  examination  we  can  often  witness  such  a 
considerable  difference  in  size  of  the  two  kidneys  even 
in  health  that  even  considerable  difference  of  function 
is  by  no  means  surprising. 

The  establishment  of  this  fact,  however,  does  not 
detract  from  the  value  of  functional  renal  diagnosis,  even 
in  the  comparison  of  the  functions  of  the  two  kidneys. 
We  must  clearly  realize  that  on  account  of  this  fact 
and  further  of  the  anomalies  of  secretion  (polyuria, 
oliguria,  anuria)  shown  on  catheterization  of  the  ureters 
(Kapsammer,  Chirmont,  Rothschild,  Rovsing)  and  intra- 
vesical separation  of  urine  (Schuller,  Rafin,  Keydel, 
Gothstein),  a  comparison  of  the  absolute  figures  of  the 
quantity  of  the  urine  thus  obtained  and  of  its  chemical 
constituents  is  absolutely  inadmissible  as  a  basis  for 
conclusions  regarding  the  true  work  performed  by  the 
kidneys.  Our  efforts  must  be  directed  to  the  judgment 
of  the  function  of  the  kidneys  from  another  stand- 
point, and  as  we  shall  shortly  describe  in  detail,  this  is 
the  testing  of  each  separate  function  of  the  organ, 
regulation  of  osmotic  pressure,  secretion  of  salts,  secretion 
of  water,  on  the  basis  of  topical  diagnosis  from  a  physio- 
logical point  of  view. 

B.— RENAL  COMPETENCY  AND  INCOMPETENCY. 

If  the  question  is  asked  what  are  the  signs  of  renal 
disease,  we  shall  be  able  to  show  that  all  objective 
symptoms  are  to  be  traced  to  derangement  of  the  above 
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described  functions  of  the  organ.  We  therefore  come 
to  the  description  of  renal  competency  and  incompetency, 
considerations  chiefly  in  the  direction  of  the  functional 
rather  than  the  anatomical  condition.  When,  in  the 
diagnosis  of  renal  complaints,  we  used  to  make  an 
anatomical  diagnosis  of  the  disease  as  a  result  of  examina- 
tion of  the  urine  and  of  the  organ,  our  knowledge  of  the 
trouble  was  exhausted.  If  we  consider,  however,  the 
functional  conditions,  the  sufficiency  or  insufficiency  of 
the  work  performed  by  the  separate  sections  of  the  organ, 
we  are  able  to  draw  such  important  prognostic  and 
therapeutic  conclusions  that  this  part  of  renal  diagnosis 
will  at  once  be  described  as  a  great  step  forward. 

All  good  methods  of  judging  the  work  performed  by 
the  kidneys  are  based  on  the  idea  of  obtaining  a  measure- 
ment of  the  maximum  functional  capacity  of  the  kidneys, 
an  estimate  of  the  reserve  power  of  the  organ. 

Now  it  is  just  in  the  case  of  the  kidneys  that  this 
problem  presents  special  difficulty,  for  we  are  dealing 
with  paired  organs,  and  the  result  of  their  work  in  the 
healthy  condition  is  a  summation  of  the  work  of  the  two 
separate  members ;  in  disease  of  one,  however,  there 
occurs  a  compensating  increase  of  work  of  the  sister 
member,  and  the  general  sign  of  disturbance  of  renal 
function  is  at  first  a  diffused  disease  of  both  kidneys. 

Thus  we  are  met  with  the  question  of  studying  the 
separate  functional  condition  of  each  kidney.  Since 
the  introduction  of  catheterization  of  the  ureters,  the 
exact  division  of  the  secretion  of  the  two  kidneys  and  the 
best  method  of  separating  the  two  parts  of  the  urine,  we 
have  been  more  or  less  able  to  do  this. 

Of  the  signs  of  impaired  function  of  the  kidneys,  the 
first  to  consider  are  pathological  changes  in  the  urine. 
We  have  further  learnt  to  recognize  certain  phenomena 
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of  the  organism  as  a  whole  as  symptoms  of  total  incom- 
petency of  the  kidneys  :  uraemia,  oedema  and  hypertrophy 
of  the  heart.  The  latter  group  of  symptoms  is,  however, 
only  observed  in  cases  of  severe  bilateral  renal  disease. 

It  has  long  been  known  that  the  chain  of  symptoms 
in  uraemia  in  total  inactivity  of  the  kidneys  as  a  result 
of  destructive  disease  of  these  organs  or  of  complete 
obstruction  of  the  urinary  passages,  is  a  sign  of  the 
suppression  of  the  functions  of  the  kidneys.  Since  the 
original  researches  of  Bright,  we  have  known  that  general 
dropsy,  oedema,  and  lastly,  albuminuria,  are  to  be  ascribed 
to  impairment  of  renal  function. 

As  a  result  of  extensive  derangement  of  the  active 
renal  parenchyma,  each  separate  department  of  the 
specific  work  of  the  kidneys  naturally  suffers.  The  work 
of  secretion  and  absorption  of  water  is  considerably 
reduced  (hyposthenuria,  accumulation  of  effete  products 
of  metabolism  in  the  blood,  oedema)  and  lastly,  as  we 
have  mentioned  above,  great  importance  is  attached  to 
failure  of  the  internal  secretion  of  the  kidney  in  view  of 
the  occurrence  of  uraemia. 

We  shall  attempt  to  decide  how,  with  the  help  of  our 
modern  functional  diagnostic  methods,  renal  impairment 
shows  itself  in  cases  of  threatened,  commencing,  and 
fully  developed  uraemia. 

Just  as  the  chain  of  symptoms  in  uraemia  (headache, 
general  malaise,  stomatitis,  diarrhoea,  suppression  of  urine, 
cramp,  &c.)  depends  on  considerable  destruction  of  the 
parenchyma  of  both  kidneys,  in  pronounced  oedemas, 
dropsy  and  anasarca  we  can  infer  extensive  bilateral 
lesions  of  the  kidneys. 

(Edema  can  only  occur  when  the  function  of  secretion 
of  water,  partly  also  of  salt  secretion  and  probably,  too, 
of  the   internal    renal  secretion  (Timofeew)  has  suffered 
extensive  damage. 
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Timofeew,  a  pupil  of  Lindemann's,  tries  to  prove  that 
nephritic  oedema  is  chiefly  caused  by  the  transference 
of  products  of  cellular  disintegration  into  the  blood- 
stream. These  substances,  which  he  terms  nephro- 
blaptins,  act  in  the  same  manner  as  Heidenhain's 
lymphagogues  of  the  first  order  (quoted  from  Biedl). 

Hypertrophy  of  the  heart  is  to  be  considered  as 
another  symptom  of  a  general  impairment  of  function 
of  both  kidneys. 

In  an  inflammatory  process  of  long  standing  in  the 
kidneys,  especially  when  the  disease  specially  affects  the 
glomeruli,  there  occurs  a  limitation  of  area  for  the  blood 
current  in  the  descending  aorta,  and  this,  therefore, 
necessitates  increased  work  on  the  part  of  the  left  ventricle 
in  order  to  meet  the  increased  resistance  in  the  kidneys 
(Cohnheim-Traube  theory).  Hypertrophy  of  the  heart  is 
a  clinical  sign  of  incompetency  of  the  glomeruli. 

It  must  be  mentioned  here  that  the  occurrence  of 
hypertrophy  of  the  heart — considered  as  compensation 
for  defective  action  of  the  glomeruli — is  not  very  easy 
to  explain.  The  increased  resistance  in  the  kidney  and 
the  consequent  hypertrophy  of  the  left  ventricle  ought 
only  to  be  applied  in  explanation  of  one  section  of  such 
cases.  According  to  Senator,  the  retention  of  urinary 
substances  produces  contraction  of  the  small  vessels 
and  thereby  a  rise  of  blood-pressure  and  hypertrophy  of 
the  heart;  according  to  Fischer,  contraction  of  the  blood- 
vessels and  loss  of  their  elasticity.  Kovesi  and  Roth- 
$chulz  also  ascribe  to  the  increase  in  the  quantity  of  the 
blood  and  blood-pressure  owing  to  retention  of  water — 
hydraemic  plethora — a  significance  in  the  cause  of  the 
increased  cardiac  work.  Schur  and  Wiesel's  research, 
too,  is  well  known,  in  which  they  ascribe  an  important 
role  to  the  hypertrophy  of  the  chromophil  system  and  the 
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circulation  of  adrenalin  in  the  blood  produced  by  it  in 
the  causation  of  rise  of  blood-pressure  and  hypertrophy 
of  the  heart. 

The  cause  of  the  increase  in  the  work  of  the  heart 
might  also  lie  in  the  blood  itself :  "  When  the  viscosity  of 
the  blood  is  increased,  the  heart  has  to. do  more  work  to 
propel  the  blood  forwards.  The  viscosity  of  colloidal 
solutions,  of  which  the  blood  is  an  example,  is  enormously 
raised  by  small  traces  of  acids"  (Schroder,  Hardy,  W. 
Pauli,  and  Handovsky).  Fischer,  in  his  well-known 
work  on  nephritis,  shows  that  all  the  phenomena  of 
nephritis  are  to  be  traced  to  an  increased  acid  content 
of  the  kidneys  and  blood.  Thus  also  in  increase  of 
acid  we  find  a  cause  of  hypertrophy  of  the  heart. 

So  far  we  have  attempted  to  analyse  a  section  of  the 
objective  symptoms  of  renal  incompetence,  and  must 
now  try  to  show  how  the  results  of  physical  and  chemical 
examination  of  the  urine  may  be  employed  in  the 
judgment  of  the  functional  condition  of  the  kidneys. 

Estimation  of  the  quantity  of  urine  passed  in  twenty- 
four  hours  only  permits  judgment  of  the  working  capacity 
of  the  kidneys  when  we  also  consider  the  quantity  of  the 
dissolved  substances  and  the  amount  of  fluid  introduced 
with  the  food.  As  we  know,  this  can  be  done  by  estima- 
tion of  the  specific  gravity,  and,  as  we  shall  describe  later, 
by  cryoscopy.  The  average  daily  amount  in  health  is 
about  1,500  c.c,  but  is  dependent  on  the  balance  of  action 
between  the  renal  work  and  elimination  of  water  by  the 
skin,  lungs,  and  intestines,  on  the  action  of  diuretic  drugs, 
and  often  also  on  nervous  influences.  If  we  include  the 
above  diuretic  factors,  we  must  state  that  the  normal 
figure  for  twenty-four  hours  may  vary  between  800 
and  1,800  c.c. 
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POLYURIA. 

An  amount  of  urine  considerably  above  the  normal 
is  in  itself  of  significance  only  as  regards  one  function 
of  the  kidneys — that  of  the  work  of  nitration  in  the 
glomeruli.  But  whether  polyuria  in  a  given  case  is  to  be 
considered  as  a  sign  of  good  working  on  the  part  of  the 
glomerular  apparatus  or  as  the  expression  of  defec- 
tive action  of  the  water-absorbing  parts  of  the  kidney, 
especially  the  medullary  substance,  we  must  decide  to  a 
certain  extent  by  the  estimation  of  the  specific  gravity  and 
molecular  concentration.  The  higher  the  specific  gravity 
and  the  greater  the  lowering  of  the  freezing-point  in 
polyuria,  the  more  certain  are  we  of  general  satisfactory 
working  of  the  renal  parenchyma.  At  any  rate,  the 
existence  of  increased  diuresis  proves  a  sufficient  activity 
of  the  glomerular  apparatus. 

Further,  as  we  know  that  the  amount  of  diuresis  is 
regulated  by  the  arterial  pressure  in  the  kidney  and  by 
nervous,  vaso-dilatory  influences,  we  must  take  these 
circumstances  into  account  in  judging  the  renal  function 
by  the  twenty- four  hours'  quantity  of  urine.  Indeed,  only 
an  exact  metabolic  estimation — comparison  of  fluid  intro- 
duced with  the  water  eliminated  by  lungs,  skin,  intestines, 
and  kidneys — could  render  possible  a  judgment  of  the 
renal  activity. 

OLIGURIA:  ANURIA. 

Permanent  decrease  of  the  quantity  of  urine  with  low 
specific  gravity  must  under  all  circumstances  be  con- 
sidered as  indicative  of  impaired  renal  function.  For 
description  of  the  two  different  forms  of  hyposthenuria 
(Schlayer),  see  p.  120.  The  secretory  power  of  the  kidneys 
for  water  and  salts  is  in  this  case  definitely  inadequate. 
Under    these    circumstances,   a    retention    of    water   and 


RENAL   COMPETENCY   AND    INCOMPETENCY  21 

urinary  constituents  in  the  organism  will  certainly  occur, 
presuming  that  the  patient  has  not  essentially  departed 
from  the  usual  conditions  as  regards  food  and  drink. 

THE   CHEMICAL   ANALYSIS   OF   THE    URINE. 

This  affords  a  greater  insight  into  the  renal  functions 
of  salt  secretion  and  selection. 

We  know  that  the  work  performed  by  the  kidney  with 
regard  to  the  excretion  of  various  salts  may  undergo 
pathological  changes  in  many  directions.  While  a 
diseased  kidney  may  be  able,  for  example,  to  eliminate 
chlorides  in  an  entirely  satisfactory  manner,  it  may 
exhibit  considerable  signs  of  deficience  with  regard  to  the 
secretion  of  other  salts.  This  peculiar  condition  depends 
essentially  on  the  physical  properties  of  the  excreted 
salt.  Thus  the  greater  diffusibility  of  sodium  chloride 
explains  its  more  ready  secretion  and  washing-out 
compared  with  other  salts,  such  as  urea  and  the 
phosphates. 

Urine  passed  in  twenty-four  hours  from  normal  kidneys 
should  contains  salts  in  the  following  proportions  : — 

Urea  2i'oto34'0  grm. 

Uric  acid      o*2  ,,     1*24  ,, 

Creatinine    ..  ...         ...         ...       o'8  ,,     1*2  ,, 

Hippuric  acid         0-3  ,,     i*o  ,, 

Chlorides icro  ,,  150  ,, 

Earthy  phosphates  ...  06  ,,  12*0  ,, 

Total  phosphoric  acid        ...  ...       2-i   ,,     3-8  ,, 

Sulphates     ...         ...         ...         ...       1*5  ,,    2*7  ,, 

It  will,  of  course,  be  realized  that  these  figures  do  not 
furnish  an  absolute  standard  for  the  renal  function,  as 
we  know  that  a  large  number  of  circumstances,  not 
directly  dependent  on  the  latter,  exert  an  influence  in  the 
chemical  composition  of  the  urine,  such  as  the  food, 
consumption  of  fluid,  nervous  influences,  &c. 
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Exact  metabolic  estimations  in  the  comparison  of 
income  and  expenditure  would  have  to  be  made  in  order 
to  obtain  a  real  picture  of  the  eliminatory  capacity  of  the 
kidnevs.  But  even  this  test  of  the  provisions  of  the 
organism  may  easily  lead  to  misconceptions,  as,  amongst 
other  things,  we  know  that  a  lack  of  nitrogen  in  the 
metabolic  balance  does  not  necessarily  rest  on  a  retention 
of  urea  in  the  blood,  but  that  it  can  be  attributed  to  an 
"  apposition "  in  the  tissues  ;  on  the  other  hand,  the 
interesting  experiments  of  v.  Noorden  and  Ritter  in  the 
metabolism  of  cases  of  renal  disease  show  that  it  is  just 
the  "  varying  and  almost  bizarre  conditions  of  nitrogen 
excretion  which  are  such  a  characteristic  trait  of 
metabolism  in  renal  patients." 

Kosemann  has  proved  that  a  considerable  retention 
of  nitrogen  may  sometimes  occur  even  in  the  healthy 
subject,  which  is  again  balanced  after  a  certain  time  by  a 
considerably  increased  excretion.  (Excretion  of  urea  is 
regarded  in  a  certain  sense  as  a  measure  of  the  renal 
function  by  Guyon,  Albarran,  Israel,  Rovsing  and 
Turner.)  There  is  a  similar  objection  in  the  case  of 
excretion  of  chlorides.  The  chlorine  content  of  the 
urine,  even  under  normal  conditions,  exhibits  specially 
wide  variations  ;  on  the  other  hand,  there  is  a  series  of 
diseases  of  the  lungs,  intestines,  peritoneum,  &c,  in 
which  the  excretion  of  chlorides  is  regularly  decreased. 

As  for' the  excretion  of  phosphates,  we  know  that  this 
may  be  considerably  increased  in  nervous  cases,  and  that 
in  healthy  subjects  (it  occurs  largely  from  the  intestines) 
it  shows  no  conformity  to  rule  (Kovesi,  Roth-Schulz, 
v.  Noorden,  Ritter). 

We  can  give  a  general  summary  of  the  con  nee  I  ion 
between  the  chemical  analysis  of  the  urine  and  the 
functions  of  the  kidneys  as  follows  :  Although  a  normal 
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amount  of  salts  may  point  in  general  to  a  satisfactory 
functional  condition  of  the  kidneys,  the  estimations  of 
the  urea,  chlorine  and  phosphate  content  as  made  in 
clinical  practice  must  only  be  used  as  a  test  of  renal 
function  with  the  greater  caution,  for, 

(1)  The  relative  amounts  of  the  various  salts  largely 
depend  on  various  physical  factors  (diffusibility,  &c). 

(2)  The  content  of  salts  is  dependent  on  very  many 
external  influences,  foreign  to  the  specific  activity  of  the 
kidneys,  such  as  consumption  of  food  and  drink  and 
nervous  influences. 

(3)  Judgment  of  the  functional  condition  of  the  kidneys 
necessitates  observation  extending  over  several  days, 
which  would  last  much  too  long  for  our  clinical  purposes 
and  would  even  then  be  unreliable. 

With  regard  to  the  various  forms  of  nephritis,  we  can 
regard  the  following  as  definite  conclusions  from  the 
chemical  analysis  of  the  urine  (Albarran)  :  In  acute 
nephritis  :  decrease  of  the  total  quantity  of  urine,  decrease 
of  urea  to  10-14  gnn-  and  chlorides  to  4-6  grm. 

In  subacute  parenchymatous  nephritis  :  oliguria  and 
a  relatively  high  specific  gravity,  urea  and  chlorides 
subnormal. 

In  chronic  interstitial  nephritis:  polyuria  and  a  low- 
specific  gravity,  while  the  amounts  of  the  various  salts  in 
twenty-four  hours  may  show  normal  figures. 

In  pyelonephritis  :  polyuria,  pyuria,  low  specific  gravity, 
urea  subnormal. 

ALBUMINURIA. 

Great  importance  is  attached  to  the  presence  of  albumin 
in  the  urine  (discovered  by  Cotugno  in  1770).  As  is  well 
known,  it  was  Bright  who  first  showed  the  connection 
between  albuminuria  and  dropsy  and  the  diseases  of  the 
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kidney  discovered  post  mortem.  Since  then  the  excretion 
of  albumin  with  the  urine  has  been  rightly  regarded  as 
a  mark  of  impaired  renal  function.  We  know  that  it  is, 
among  others,  one  of  the  most  important  duties  of  the 
kidney  to  secure  the  retention  in  the  blood  of  the  albumin 
present  in  blood-plasma  in  a  colloidal  condition  by  a 
process  of  filtration  in  the  glomeruli.1  If,  for  any  reason, 
the  kidney  loses  this  power,  we  can  consider  albuminuria 
as  signifying  a  definite  impairment  of  the  renal  functions. 

In  considering  albuminuria,  it  is  most  clearly  seen  that 
the  disturbance  of  the  renal  function  need  not  coincide 
with  an  anatomical  lesion  capable  of  demonstration. 
We  recognize  to-day  a  whole  series  of  albuminurias  not 
based  on  an  anatomical  lesion  of  the  kidneys ;  but  it  is 
evident  that  the  excretion  of  albumin  depends  on  a 
functio  lacsa  of  the  kidneys.  It  is  therefore  quite 
incorrect  to  speak  of  "albuminuria  without  impairment 
of  the  renal  function." 

It  must  be  admitted,  however,  that  conclusions  as  to 
the  total  working  capacity  of  the  kidneys  cannot  be  drawn 
from  the  degree  of  albuminuria.  The  so-called  harm- 
less albuminurias  (v.  Noorden)  may  be  associated  with 
a  large  excretion  of  albumin  (up  to  20  pro  mille.),  without 
the  presence  of  any  signs  of  other  incompetency  of  the 
kidney.  Even  the  presence  of  renal  elements  in  urinary 
sediment  does  not  prove  an  anatomical  lesion  of  the 
renal  tissue. 

We  must  briefly  dwell  on  these  non-nephritic  forms  of 
albuminuria.  In  order  to  separate  them  sharply  from  the 
inflammatory  forms,  they  have  been  variously  described 


1  Or,  to  conform  to  Fischer's  colloido-chemical  views,  to  prevent 
the  albumin  in  a  jelly-like  condition  reaching  the  parenchyma  cells 
in  a  soluble  form. 
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as  transient,  intermittent,  cyclic,  physiological,  essential, 
innoxious,  orthostatic,  lordotic,  or  harmless.  If  we  want 
to  discover  the  common  features  of  all  these  forms  of 
albumin  excretion,  we  shall  find  it  in  the  fact  that  after 
long  observation,  often  over  years,  no  sign  of  nephritis  in 
the  organism  can  be  found,  and  especially  no  changes  in 
the  vascular  apparatus  and  no  rise  of  blood-pressure. 
On  the  basis  of  many  personal  observations,  of  which 
we  shall  speak  later,  and  of  the  most  authoritative  state- 
ments in  the  literature  of  the  subject  (Senator,  v.  Noorden, 
Posner,  Furbringer,  and  others),  we  can  state  that  albu- 
minuria need  not  be  the  expression  of  an  anatomical 
lesion  of  the  kidneys.  The  opposite  view,  as  upheld 
by  Oswald,  Hauser,  Engel,  and  Kapsammer,  is,  on  the 
ground  of  observations  of  lordotic  albuminuria  (Jehle) 
and  the  post-mortem  findings  of  Heubner,  &c,  to  be 
described  as  incorrect. 

Though  we  do  not  wish  to  enrich  the  already  extensive 
nomenclature,  but  to  distinguish  precisely  between 
nephritic  and  non-nephritic  albuminuria,  we  should 
like  to  suggest  the  terms  functional  and  anatomical 
albuminuria.  Functional  albuminuria  would  include 
orthostatic-  albuminuria  (Stirling,  v.  Heubner),  and  its 
modification,  lordotic  albuminuria,  albuminuria  after 
excessive  bodily  exertion  (v.  Leube),  "  sport "  albu- 
minuria (Kleissel),  and  that  occurring  after  cold  baths 
(Rem-Picci). 

Further  we  recognize  alimentary  albuminuria  after  the 
eating  of  egg  albumen  (Ascoli),  menstrual  albuminuria 
(Senator,  Klemperer),  and  that  of  puberty  and  youth 
(v.  Noorden)  ;  finally,  pretubercular  albuminuria  (v. 
Noorden),  certain  forms  of  excretion  of  albumin  by 
diabetics,  and,  lastly,  albuminuria  after  renal  palpation 
(Menge),  and  after  abdominal  palpation  (Schreiber). 
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With  regard  to  the  conclusions  as  to  the  site  of  the 
functional  derangement  from  the  presence  of  albumin- 
uria, we  must  assume  that  albuminuria  is  a  sign  of 
incompetency  of  the  glomerular  apparatus.  The  majority 
of  authors,  indeed,  regard  the  glomerulus  as  the  centre 
for  the  excretion  of  albumin,  and  this  tallies  with  our 
remarks  on  the  local  physiology  (Posner,  Nussbaum, 
Sehrwald,  Meyer,  J.  Schmidt). 

In  his  clever  work,  which  we  have  quoted  several 
times,  M.  Fischer  devotes  special  consideration  to  the 
occurrence  of  albuminuria.  According  to  his  apparently 
very  obvious  hypothesis,  the  albumin  in  the  urine  of 
nephritic  cases  arises  only  indirectly  from  the  blood. 
The  renal  cells  themselves,  which,  according  to  the 
principles  of  colloidal  chemistry,  contain  an  albuminous 
body,  in  a  jelly-like  condition,  in  consequence  of  the 
accumulation  of  acids  in  the  kidney  are  changed  into  a 
form  of  dissolved  albumin,  which  must  then  appear  in 
the  urine.  M.  Fischer  was  not  only  able  to  demonstrate 
a  regular  excess  of  acids  in  the  urine  of  patients  suffer- 
ing from  albuminuria  (v.  Noorden,  Hosslin,  Hober),  but 
succeeded  with  absolute  certainty  in  animal  experiments 
in  producing  albuminuria  and  excretion  of  casts  by  sub- 
cutaneous injections  of  acids. 

We  cannot,  however,  in  definitely  diagnosed  nephritis 
of  any  anatomical  form  establish  any  parallelism  between 
the  severity  of  the  disease,  the  general  function  of  the 
kidney  and  the  grade  of  albuminuria. 

The  most  severe  forms  of  albuminuria,  e.g.,  in  syphilitic 
renal  diseases,  may  exist  for  a  long  time — months  or 
years — without  any  impairment  of  the  functions  of 
secretion  of  water  and  salts,  osmotic  regulation  and 
detoxication.  On  the  other  hand,  there  may  be  the 
smallest  excretion  of  albumin  in  severe,  destructive,  renal 
affections  (contracted  kidney). 
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We  shall  return  later  to  the  individual  details  of  this 
important  question. 

Microscopical  examination  of  the  urinary  sediment 
is  in  general  scarcely  fitted  for  the  drawing  of  conclusions 
in  judgment  of  the  renal  activity.  This  method  of  ex- 
amination, indeed,  often  opens  the  way  to  the  anatomical, 
topical  diagnosis  of  the  renal  lesion.  A  large  number  of 
observations  have  proved,  however,  that  even  the  dis- 
covery of  renal  elements  in  the  urinary  sediment  need 
not  be  necessarily  regarded  as  a  pathognomonic  symptom 
of  an  anatomical  lesion  of  the  kidneys.  Both  after  the 
palpation  of  healthy  kidneys  (Menge)  and  in  the  "harm- 
less" albuminurias,  casts  and  renal  epithelial  cells  have 
been  found  in  the  urine,  when  it  has  been  impossible  to 
assume  a  severe  affection  of  the  renal  parenchyma. 

Also  with  regard  to  the  formation  of  casts,  which  may 
be  considered  as  secretory  products  of  the  epithelial 
cells,  Fischer  attempted  to  prove  that  by  the  piling  up 
of  acids  in  the  kidneys  all  varieties  of  casts  can  be  pro- 
duced experimentally  and  in  all  varieties. 

We  will  now  briefly  review  the  foregoing  pages. 

After  stating  the  physiological  basis  of  the  renal 
function,  we  have  attempted  to  describe  the  old  methods 
of  clinical  diagnosis  and  in  chief  to  show  their  connec- 
tion with  a  "  functional  "  diagnosis.  The  old  methods 
concerned  themselves  with  the  objective  and  evident 
clinical  signs  of  the  renal  disease,  with  the  examination 
of  the  urine,  and  with  the  effect  of  the  renal  disease  on 
distant  organs,  cedema,  uraemia  and  hypertrophy  of  the 
heart. 

In  going  into  each  separate  symptom  of  renal  incom- 
petency, we  have  had  to  find  out  its  value  in  a  topical 
renal  diagnosis.     We  have  had  to  realize  that  almost  all 
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the  symptoms  described  have  some  significance  in  various 
directions.  On  the  other  hand,  it  has  been  shown  that 
the  results  obtained  by  examination  of  the  urine  (quantity 
and  chemical  examination)  are  often  insufficient  to 
establish  the  proof  of  renal  competency  or  incompetency. 
At  the  best,  these  results  gave  us  an  idea  of  the  momentary 
functional  condition  of  the  kidney,  of  its  effective  work 
at  the  time. 

Our  modern  functional  diagnosis,  however,  has  a 
broader  aim.  We  want  not  only  to  learn  to  recognize 
the  work  actually  performed  by  an  organ,  but  must  attempt 
to  gain  an  idea  of  its  maximum  capacity  for  work,  its 
possible  extent  of  function. 

No  organ  in  a  healthy  condition  works  at  the  limit  of 
its  total  capacity  for  work  ;  there  exists  a  reserve  power 
which  has  to  be  applied  when  an  increased  demand  is 
made  on  the  organ.  The  diseased  organ,  whose  work  is 
inadequate,  is  as  a  rule  easily  to  be  recognized  by  the 
sign  of  its  incompetency,  in  the  kidney  by  uraemia, 
oedema,  &c.  A  diseased  organ  may,  however,  by  calling 
in  its  total  reserve  power  or  a  part  of  this  (compensation), 
work  in  a  competent  manner,  when  no  manifest  signs  of 
incompetency  will  be  apparent.  But  such  an  organ 
working  at  the  limit  of  its  total  reserve  power  is  easily 
exhausted  ;  with  increasing  demands,  it  weakens  and 
becomes  incompetent,  and  then  reacts  to  stimulation 
but  incompletely  or  not  at  all. 

It  is  thus  with  the  kidney.  When  renal  impairment 
exists  in  company  with  satisfactory  compensation,  there 
will  be  no  symptoms  whatever  of  manifest  renal  incom- 
petency as  long  as  the  store  of  latent  reserve  force  is  suffi- 
cient to  guarantee  the  excretory  function  of  the  kidneys. 
In  the  pathology  of  the  kidneys,  however,  particularly 
in     surgical    treatment,    the    important    question     arises 
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whether  the  organ  will  become  adapted  to  increased 
demands  (e.g.  in  cases  where  unilateral  nephrectomy  is 
intended.) 

In  answering  this  question,  our  whole  interest  is  con- 
centrated on  the  proof  of  a  latent  reserve  power  of  the 
kidneys,  and  the  old  clinical  methods  give  us  no  informa- 
tion on  this  point  ;  we  can  only  designate  a  kidney  as 
sound  in  a  functional  and  anatomical  sense  when  we 
have  shown  how  it  carries  out  the  various  departments  of 
work  forced  upon  it  in  experiment. 

Now  this  question  is  the  chief  basis  of  the  modern 
methods  of  renal  diagnosis.  Whether  and  to  what  degree 
modern  renal  diagnosis  is  able  to  solve  the  question,  it 
will  be  the  object  of  the  following  pages  to  show.  It 
will  also  be  shown  here  that  we  must  undertake  a  test  of 
the  various  separate  functions  of  each  separate  kidney 
as  described  above  in  order  to  secure,  where  possible, 
a  "  topical,  functional  "  diagnosis. 

C— THE  METHODS  OF  FUNCTIONAL  RENAL 
DIAGNOSIS. 

Before  we  consider  the  purely  modern  methods  which 
hold  first  place  in  clinical  practice,  we  must  discuss 
a  method  based  on  a  rather  different  principle — the 
determination  of  the  toxicity  of  the  urine.  By  means 
of  this  technique,  the  amount  of  toxic  products  of  meta- 
bolism in  the  urine  is  measured,  a  method  which,  in 
consequence  of  its  faulty  theory  and  its  rather  consider- 
able technical  difficulties,  cannot  find  a  place  in 
practice. 

Bouchard  and  his  pupils  worked  out  a  method  of 
determining  experimentally  the  toxicity  of  the  urine  and 
drew  conclusions  from  the  degree  of  the  latter  as  to  the 
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excretory  function  of  the  kidney.  That  the  injection  of 
an  animal  with  the  salts  and  toxins  excreted  with  the 
urine  may  prove  fatal  is  an  old  and  proven  fact.  Pro- 
ceeding from  the  consideration  that  a  man  with  normal 
kidneys  is  able  to  excrete  in  the  urine  all  substances  toxic 
for  his  own  organism  (chiefly  products  of  albuminous 
decomposition)  and  that,  on  the  other  side,  a  retention  of 
these  substances  in  the  blood  (uraemia)  must  occur  when 
the  kidneys  are  diseased,  Bouchard  tried  to  obtain  a 
measure  of  the  function  of  the  kidneys  from  the  toxicity  of 
the  urine.  The  toxicity  of  the  urine  is  exactly  propor- 
tional to  the  degree  of  activity  of  the  kidneys. 

Bouchard  further  attempted  to  express  the  work  per- 
formed by  the  kidneys  by  a  figure,  which  he  called 
the  urotoxic  coefficient.  This  was  that  number  of 
urotoxic  units  produced  by  i  kilogramme  of  the  patient 
in  question,  where  urotoxic  unit  is  understood  to  be  that 
quantity  of  urine  which  is  able,  on  intravenous  injection, 
to  kill  a  certain  animal  (reckoned  as  i  kilogramme). 

The  determination  of  the  urotoxic  quotient  is  made  by 
the  following  formula  : — 

iooo  X  P  X  N 


x  (urotoxic  coefficient) 


P1  X  0 


where  P  is  the  weight  of  the  subject  under  examination, 
A7  the  amount  of  urine  injected  which  is  sufficient  to  kill 
the  experimental  animal,  Pl  the  weight  of  the  animal,  and 
0  the  twenty-four  hourly  quantity  of  urine  excreted  by 
the  subject. 

Bouchard  considered  the  amount  of  urotoxin  produced 
by  a  healthy  individual  in  twenty-four  hours  as  33. 

The  design  of  the  apparatus  used  in  the  estimation  of 
the  toxicity  of  the  urine,  made  by  Roger  and  modified  by 
Guyon,  we  reproduce  from  an  illustration  by  L.  Bernard. 

The   theoretical   basis  of  Bouchard's  determination  of 
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renal  function  by  estimation  of  the  toxicity  of  the 
urine  has,  however,  a  great  defect,  similar  to  the  con- 
sideration we  have  urged  with  regard  to  the  employment 
of  chemical  examination,  estimation  of  specific  gavity 
and  quantity  as  tests  of  function.  All  these  methods  give 
us  no  direct  measure  of  the  renal  work,  because  many 
factors  are  in  play  which,  though  independent  of  the 
function  of  the  kidney,   must  influence  its  extent.     We 


Fig.   i. 


find  here  an  analogy  with  the  little  used  method  of 
estimation  of  the  content  of  urinary  pigments 
(Thudichum)  in  the  urine  as  a  test  of  renal  function. 
It  is  well  known  that  in  many  diseases  of  the  kidneys 
we  observe  a  decrease  of  pigments  in  the  urine;  this  fact 
was  also  often  demonstrated  in  our  experiments  in 
bilateral  catheterization  of  the  ureters  in  which  we  found 
that  the  kidney  of  impaired  function  produces  a  paler,  less 
coloured  urine  than  the  healthy  kidney.  But  to  assume 
that    this    excretion    of    pigment    can    be    a    basis    for 
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determination  of  functional  activity  is  inadmissible,  for 
we  know  well  that  the  amount  of  pigments  in  the  urine 
is  dependent  on  the  most  varying  factors — activity  of  the 
liver,  work  of  the  intestines,  &c.,  and  on  the  quite  acci- 
dental circumstances  of  the  food  and  drink.  And  we 
feel  that  the  same  holds  for  the  value  of  the  toxicity  of 
the  urine,  for  the  significance  of  the  specific  gravity  and 
chemical  examination.  Here,  too,  the  same  factors  are 
in  play  which  militate  against  the  conclusions  from  the 
amount  of  pigment. 

There  is,  further,  a  series  of  other  objections  to  Bou- 
chard's method : — 

(i)  The  intravenous  injection  may  cause  harm  in  the 
animal  under  experiment  in  another  manner  than  merely 
by  the  toxicity  of  the  urine.  Changes  of  blood-pressure 
by  the  mere  injection  of  fluid  may  play  a  part,  and  this 
especially  in  the  case  of  urine,  the  ability  of  which  to  pro- 
duce considerable  lowering  of  blood-pressure  was  proved 
by  the  experiments  of  Abelou  and  Bardies. 

(2)  As  a  result  of  the  injection  of  urine,  blood-clots  are 
formed  extremely  frequently,  and  these  may  cause  the 
death  of  the  animal  by  thrombosis  and  embolism.  Guilhon 
speaks  of  a  "  propriete  coagulatrice  de  Purine"  which  he 
regards  as  a  sign  of  satisfactory  renal  function. 

(3)  The  dissimilarity  in  molecular  concentration  (osmo- 
sis) between  blood  and  urine  must  certainly  exercise  an 
influence  in  the  injection  of  urine,  for  plasmolysis  of  the 
erythrocytes  must  occur  (Claude  and  Balthazard  draw  a 
distinction  between  the  true  toxicity  of  the  urine  and  its 
"osmotoxicity,"  which  they  obtain  by  isotonization  of 
the  urine  with  the  blood-serum). 

These  and  other  less  important  objections  can  be  urged 
against  the  determination  of  the  toxicity  of  the  urine  in 
functional  renal  diagnosis. 
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In  addition  there  is  the  complicated  technique,  the 
necessity  of  experimental  animals  and  special  apparatus, 
and  lastly,  the  extremely  variable  results  even  in  the  urine 
of  healthy  individuals.  All  these  are  grounds  for  the 
non-utility  of  the  method  in  clinical  practice. 

Far  more  important  was  the  introduction  of  Cryoscopy 
— the  estimation  of  renal  function  by  determination  of 
the  molecular  concentration  of  the  blood  (by  v.  Koranyi's 
method.) 

Without  going  into  the  theoretical  details  of  this 
technique,  which  are  based  on  van  t'Hoff's  theory  of 
solutions,  we  will  only  recapitulate  the  most  important  of 
the  physical  laws  necessary  to  understand  the  method. 
These  are  : — 

(1)  The  freezing-point  of  distilled  water  we  call  o°. 

(2)  The  freezing-point  of  any  solution  is  lower  than 
that  of  distilled  water  (Blagden  and  Raoult)  and  in  pro- 
portion to  its  molecular  concentration,  i.e.,  the  lowering 
of  the  freezing-point  of  the  solution  is  greater  the  more 
gramme  molecules  of  fixed  substances  are  dissolved  in 
it.  Therefore  the  freezing-point  supplies  a  measure  of 
the  molecular  concentration  and  of  the  osmotic  pressure 
dependent  on  it,  i.e.,  the  hygroscopic  power  of  the  solution. 
(Kovesi  and  Roth-Schulz.) 

(3)  The  freezing-point  of  a  solution  is  independent  of 
the  nature,  size,  and  molecular  weights  of  the  dissolved 
constituents ;  it  only  shows  the  number  of  molecules 
contained  in  the  solution  (while  the  specific  gravity  is 
dependent  on  the  molecular  weight  and  other  physical 
properties  of  the  dissolved  substances). 

(4)  Solutions  of  equal  molecular  concentration  have 
the  same  freezing-point  and  the  same  osmotic  pressure. 
If  two  solutions  of  different  molecular  concentration  are 
separated  by  a  semi-permeable   membrane,  a   stream    of 
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the  solvent  commences  from  the  less  concentrated  (hypo- 
tonic) to  the  more  concentrated  (hypertonic). 

This  stream  will  last  until  both  sides  possess  the  same 
molecular  concentration  (isotonic).  The  energy  of  this 
current  (osmosis)  is  fixed  by  the  difference  of  osmotic 
tension,  the  osmotic  pressure  which  the  dissolved  mole- 
cules exert  on  the  separating  membrane. 


Fig.  2. 


The  technique  of  cryoscopy,  using  Beckmann's  appa- 
ratus, is  extremely  simple  and  expeditious.  In  a  cylindri- 
cal glass  vessel  there  is  a  freezing-mixture  of  ice  and 
salt,  the  temperature  of  which  can  be  read  on  the 
thermometer  (i),  and  which  can  be  kept  at  a  constant 
point  ( —  5°  -  7°)  by  regular  movements  with  the  stirrer  (2). 
A  tube,  serving  as  an  air-jacket,  dips  into  this  freezing- 
mixture,   into   which   is  inserted  a  smaller   tube    for   the 
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fluid  to  be  examined.  Through  a  side  tube,  eight  to 
ten  cubic  centimetres  of  the  fluid  are  introduced  into 
the  latter,  into  which  dips  the  Beckmann  thermometer  (4) 
and  a  metal  stirrer  (5).  Cryoscopic  determinations  with 
this  apparatus  are  extremely  simple,  and  by  an  estima- 
tion lasting  about  fifteen  minutes  entirely  reliable 
results  are  obtained,  accurate  to  a  hundredth  part  of 
a  degree. 

As  a  precautionary  measure  the  freezing-point  of 
the  thermometer  should  be  determined  by  estimating 
the  freezing-point  of  distilled  water  before  each  test, 
and  the  result  obtained  from  the  test  corrected  in 
accordance. 

The  freezing-point  will  be  at  that  mark  (jjo)  °f  me 
scale  at  which  the  column  of  mercury  remains  after  the 
sudden  rise  occurring  at  the  moment  of  freezing. 

By  means  of  cryoscopy  we  are  able  to  determine  the 
molecular  concentration  of  a  specimen  of  urine — i.e., 
the  exact  quantity  of  the  dissolved  substances — and  by 
means  of  this  a  certain  insight  into  the  function  of  the 
kidneys  can  be  obtained  (Dreser).  From  the  lower  in 
of  freezing-point  of  the  urine  certain  conclusions  can 
be  drawn  with  regard  to  the  secretory  activity  of  the 
kidneys — conclusions  considerably  more  valuable  than 
those  from  the  specific  gravity.  Of  two  urines  of  the 
same  specific  gravity,  that  with  a  lower  freezing-point 
is  the  secretion  of  kidneys  of  better  functional  condition. 

Experience  has  shown,  however,  that  the  lowering  of 
freezing-point  of  the  urine  varies  to  a  considerable  extent 
even  in  subjects  with  normal  kidneys,  according  to 
Kummel  and  Rumpel,  between  —  0*90°  and  —2*30°.  The 
freezing-point  of  the  urine  is  subject  to  various  external 
factors,  such  as  consumption  of  food,  vasomotor  in- 
fluences,   &c,  and    for   this    reason    all  the    attempts    of 
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Koranyi,  Claude  and  Balthazard,  L.  Bernard,  and 
Strauss  to  obtain  from  the  freezing-point  and  the 
chemical  analysis  of  the  urine  a  mathematical  formula 
for  the  secretory  powers  of  the  kidneys  have  been 
recognized  as  untenable.1 

A  simple  physiological  consideration  will  show  the 
fallacy  of  all  these  theories  and  hypotheses.  The  urine 
of  which  we  are  measuring  the  lowering  of  freezing- 
point  is  not  only  the  product  of  filtration  in  the  kidneys 
— if  it  were,  cryoscopy  might  serve  as  a  good  standard — 
but  is  the  product  of  the  various  separate  renal  functions, 
filtration,  osmosis,  and  active  epithelial  secretion — work 
of  selection  and  power  of  absorption — and  it  is  clear 
that  we  are  not  able  to  draw  correct  conclusions  as  to 
all  these  separate  functions  from  the  freezing-point  of 
the  urine. 

Pauli  showed  that  by  cryoscopy  of  the  urine,  which 
represents  the  end  product  of  the  renal  work  of  secretion 
and  absorption  of  water,  we  are  only  estimating  the 
difference  of  these  two  forms  of  energy,  u  while  the 
kidney  must  really  perform  their  sum.  All  Dreser's 
estimations  of  the  osmotic  function  of  the  kidney 
suffer  from  the  lack  of  observance  of  this  essential 
circumstance." 

If  we  have  to  estimate  the  lowering  of  freezing-point 
of  a  urine,  in  the  production  of  which  the  work  of 
secretion  of  water  was  the  essential  feature  and  that 
of  absorption  of  water  more  or  less  suspended  by  a 
"  diarrhoea  of  the  tubules"  (H.   Meyer),  then  the  cryo- 


1  Even  Koranyi  proved  that  decrease  of  the  molecular  con- 
centration of  the  urine  need  not  necessarily  be  considered  as 
hyposthenuria  and  a  sign  of  incompetence  of  the  kidneys  ;  fairly 
large  quantities  of  fluid  cause  considerable  reduction  in  the  figures 
for  the  freezing-point  of  the   urine. 
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scopy  of  this  urine,  the  "provisional"  urine  of  Frey, 
can  with  more  justice  be  regarded  as  a  measure  of  the 
energy  of  this  secretion.  For  this  reason  I  hold  the 
combination  of  cryoscopy  with  experimental  polyuria 
to  be  a  very  valuable  method  of  estimating  the  function 
of  the  kidneys. 

v.  Koranyi  invented  a  mathematical  formula  for  the  amount  of 
renal  work  on  the  basis  of  the  following  consideration.  He  assumes 
that  water  and  sodium  chloride  are  excreted  in  the  glomeruli,  that 
the  secretion  of  the  remaining  urinary  salts  in  the  province  of  the 
tubular  apparatus  occurs  as  follows :  By  osmosis,  in  place  of  each 
NaCl  molecule  reabsorbed  here,  a  molecule  of  the  specific  urinary 
constituents  diffuses  into  the  lumen  of  the  tubuli. 

He,  therefore,  measures  the  secretory  work  of  the  kidneys  from  the 
formula  A  freezing-point  of  the  urine  ~  NaCl  ;  as  a  quotient  he 
obtained  in  thirty  cases  values  from  1*23  to  4*69. 

Claude  and  Balthazard  measure  the  "diurese   moleculaire  totale '; 

A  V  (24  hours'  amount) 

from  the  formula  -— — ^— - —  . 

P  (body-we    lgl  t) 

This   formula,   too,  gives  a  result   which    is    only  of  use   foi    the 

secretory  function  of  the  glomerular  apparatus  ;  but  this  only  when 

one  completely  disregards  the  work  of  absorption  of  the  kidneys  and 

their  selective  function.     The  valency  valve  introduced  bv  H.  Strauss, 

which  is  intended  to  represent  the  sum  of  the  effective  osmotic  values 

of  the   kidneys,    is   fixed   by    this    author   by   the   formula    A   x  V 

(twenty-four   hourly   amount).       In    a  normal    condition    this   varies 

between  11 12  and  1359. 

For  the  sake  of  completeness  we  must  mention  two 
other  methods  of  examination,  which,  however,  have 
shown  no  advantage  whatever  over  cryoscopy  and  have 
therefore  found  no  acceptance  in  practice  :  the  estima- 
tion of  the  index  of  refraction  (Strubell)  of  the  urine, 
and  the  measurement  of  its  conduction  of  electricity 
(Bagarsky  and  Roth,  Lowenhardt). 

The  value  of  cryoscopy  lies  in  the  combination  of  : 
(1)  Estimation  of  lowering  of  freezing-point  of  the  urine 
and  blood  (Koranyi,  Dreser)  with  (2)  estimation  of 
freezing-point    of    the    urine    in    experimental    polyuria 
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(v.  Illyes  and  Kovesi,  Albarran).     We  must  now  describe 
these  methods. 

CRYOSCOPY  OF   THE   BLOOD. 

The  basis  for  the  application  of  cryoscopy  as  a  test  of 
renal  function  lies  in  the  fact  that  with  normal  kidneys 
the  molecular  concentration  of  the  blood  is  always  con- 
stant, being  maintained,  excluding  a  few  exceptions,  at 
a  constant  figure  of  -0*56  (v.  Koranyi). 

The  freezing-point,  i.e.,  the  molecular  concentration  of 
the  blood  (8)  is  maintained  at  this  normal  constant  figure 
by  the  osmo-regulatory  work  of  the  kidneys.  The  con- 
stancy of  the  freezing-point  of  the  blood  is  a  necessary 
postulate  for  the  correct  course  of  metabolism  in  all  the 
organs  of  the  body.  If,  as  a  result  of  impairment  of  the 
"  permeability "  of  the  kidneys,  i.e.,  their  eliminatory, 
secretory  activity,  there  occurs  an  accumulation  of  effete 
albuminous  substances  and  salts  in  the  blood,  this  is 
evidenced  both  by  clinical  signs  of  renal  incompetency 
(oedema,  uraemia,  &c.)  and  by  the  increased  molecular 
concentration  of  the  blood,  which  latter  is  shown  by  the 
freezing-point  values  of  —  0-58,  070,  o*8o  and  lower, 
according  to  the  degree  of  renal  impairment.1 

Further,  the  assumption  of  a  satisfactory  renal  function 
from  a  normal  freezing-point  of  the  blood  is  only 
admissible  as  long  as  we  do  not  identify  u  satisfactory 
function  "  with  anatomical  intactness.  As  in  diseases  of 
other  organs,  so  also  in  affections  of  the  kidneys — diffused 
and  surgical  renal  complaints — we  find  a  certain  capacity 

1  Our  technique  of  cryoscopy  of  the  blood  is  as  follows  :  By 
puncture  of  the  vena  mediana  cubiti  we  allow  5  to  10  cm.  of  blood 
to  flow  direct  into  the  freezing-tube  of  Beckmann's  apparatus.  By 
movement  of  the  internal  stirring-rod,  the  blood  is  defibrinated  and 
the  cryoscopy  immediately  carried  out.  Alcohol,  ether,  and  tincture 
of  iodine  should  not  be  used  to  cleanse  the  skin. 
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for  compensation ;  i.e.,  the  excretory  function  of  the 
kidneys  may,  in  spite  of  extensive  disease,  prove  adequate, 
since  the  functional  deficiency  of  the  diseased  part  can 
be  supplied  either  by  compensatory  hypertrophy  of  other 
parts  of  the  kidney  or  by  other  means,  such  as  hyper- 
trophy of  the  heart  in  chronic  nephritis.  The  osmo- 
regulatory activity  of  the  kidneys  in  such  a  compensated 
case  need  have  suffered  no  harm,  and  the  freezing-point 
of  the  blood  may  remain  normal  in  spite  of  definitely 
proved  anatomical  lesions  of  the  kidney. 

Kiimmel  and  his  followers  (Kotzenberg,  Rumpel, 
Neudorfer)  still  maintain  that  a  normal  freezing-point 
of  the  blood  evidences  an  adequate  renal  function, 
particularly  in  unilateral  renal  diseases,  when  the  question 
arises  whether,  regarding  the  prognosis  of  nephrectomy, 
we  are  justified  in  drawing  extensive  conclusions  from  the 
freezing-point  of  the  blood  as  to  whether  the  remaining 
kidney  will  be  able  to  meet  the  increased  demands  after 
extirpation  of  its  sister-organ  and  adequately  perform  its 
total  excretory  function.  Kummel's  axioms  have  not 
gone  uncontested.  He  says  :  "An  increase  in  the 
lowering  of  freezing-point  to  —0*58  down  to  -o"6o  and 
more  shows  that  both  kidneys  possess  deficient  function." 
"  Vice  versa,  a  normal  concentration  of  the  blood  permits 
the  exclusion  of  bilateral  functional  disturbance."  l 

Several  authors  have  disagreed  with  Kummel's  axioms 


1  In  a  recent  publication  (Medizinisch-kritische  Blatter,  Hamburg, 
February  1,  1910)  Kiimmel  defines  his  altered  view  as  follows  :  A 
normal  freezing-point  of  the  blood,  -  0*56,  only  shows  that  there  is 
as  much  renal  tissue  of  normal  functional  capacity  as  is  necessary 
for  the  complete  excretion  of  the  products  of  metabolism.  It  may 
probably  be  assumed  theoretically  that  the  division  of  labour  of  the 
two  kidneys  is  such  that  each  shares  about  an  equal  part  in  the 
excretion  of  metabolic  products  and,  under  certain  circumstances, 
the  two  together  may  still  possess  as  much  healthy  tissue  as  about 
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(Israel,  Rovsing,  Tuffier,  Kapsammer,  Beer,  Barth, 
Landau,  Albarran,  Gobell,  Robertson).  Case  after  case 
was  quoted  (e.g.,  by  Stockmann  and  Th.  Cohn)  in  which 
bilateral  renal  lesions  or  destruction  of  a  single  kidney 
was  found  co-existent  with  a  normal  freezing-point  of  the 
blood;  and,  on  the  other  hand,  case  reports  in  which,  in 
spite  of  increased  molecular  concentration  of  the  blood, 
the  other  kidney  proved  competent  after  nephrectomy. 

According  to  our  view,  these  opposing  opinions  would 
not  be  so  badly  contrasted  if  a  more  physiological  train 
of  thought  were  adopted  and  less  generalization  made  of 
functional  capacity  and  soundness  of  the  kidney.  The 
cryoscopy  of  the  blood  only  affords  a  clue  to  one  section 
of  renal  work,  that  of  osmotic  regulation.  And  there  is 
no  doubt  that  in  those  cases  in  which  we  find  a  normal 
freezing-point  of  the  blood,  we  may  speak  of  a  complete 
sufficiency  of  the  renal  function  of  osmotic  regulation, 
but  this  is  spread  over  the  two  kidneys.  Even  the  cases 
of  uraemia  with  a  normal-  value  for  8  do  not  contradict 
this  opinion.  In  the  pathogenesis  of  uraemia,  the  reten- 
tion of  the  urinary  salts  is  not  the  only  decisive  factor. 

Our  standpoint  in  the  whole  question  of  testing  the 
renal  function  is  this — that,  in  view  of  the  complicated 
work  of  the  organ,  we  must  endeavour  to  assess  each 
separate  department  of  work  of  the  kidney.  As  we  shall 
later  describe  in  detail,  we  measure  the  work  of  osmotic 
regulation  with   the  greatest  exactness  by  cryoscopy  of 


one  kidney  of  normal  function.  After  removal  of  one  half  con- 
tributing to  the  work,  the  remaining  part  may  prove  an  incompetent 
kidney  and  no  longer  capable  of  performing  its  function.  Thus  the 
estimation  of  the  freezing-point  of  the  blood  may  here  give  normal 
values,  which,  however,  relate  to  the  two  kidneys  together.  To  avoid 
such  possible  cases,  and  to  prove  the  presence  of  a  second  kidney, 
catheterization  of  the  ureters  is  necessary. 
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the  blood;    secretion   of  salts,  secretion  and   absorption 
of  water  by  other  methods. 

But  we  need  not  be  surprised  that  in  a  case,  such  as 
one  contributed  by  Stockmann,  of  a  single  kidney  almost 
totally  destroyed  by  tuberculosis,  the  value  for  8  was 
found  to  be  normal  ;  for  we  have  seen  many  cases  in 
which  almost  the  whole  of  the  renal  parenchyma  was 
destroyed  without  the  occurrence  of  uraemia  or  similar 
severe  impairment  of  metabolism. 

We  possess  in  our  collection  (Professor  v.  Frisch)  a  preparation 
showing  the  kidneys  and  urinary  organs  of  a  patient  treated  for 
tabetic  retention  of  urine.  There  is  excessive  hypertrophy  of  the 
bladder  and  ureters,  and  such  considerable  bilateral  hydronephrosis 
and  softening  of  the  parenchyma  due  to  the  pressure  that  anatomical 
examination  only  revealed  a  piece  of  healthy  tissue  the  size  of  an 
almond  in  both  kidneys.  And  this  patient  evinced  no  symptoms  of 
renal  incompetency  up  to  the  last  few  days  of  life. 

We  shall  return  to  these  conditions  later.  Here  we 
will  only  record  the  fact  that  even  with  normal  renal 
function,  the  freezing-point  of  the  blood  may,  under 
certain  circumstances,  lie  under  the  normal  value,  e.g., 
in  pulmonary  diseases  and  cyanosis  (Fanno  and  Botazzi), 
in  cases  of  excessive  carbon  dioxide  in  the  blood 
(v.  Koranyi),  in  diabetes  mellitus  (Bousquet,  Senator, 
Bernard,  Rumpel)  and  in  typhoid  (Waldvogel).1 

At  any  rate  it  is  possible  to  do  away  with  the  lowering 
of  freezing-point,  which  owes  its  origin  to  the  excess  of 
carbon  dioxide,  by  passing  a  current  of  oxygen  through 
the  blood  in  vitro. 

According   to    the    experiments    of    Neudorfer,  lower 


1  Engelmann  purports  to  have  found  an  increase  of  the  molecular 
concentration  of  the  blood  in  all  cases  of  carcinoma,  and  Israel  in 
unilateral  renal  tumours,  even  when  the  function  of  the  other  kidney 
was  adequate.  We  have  not  been  able  to  confirm  this  in  similar 
conditions. 
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values  than  the  normal  are  found  for  &  in  cases  of  severe 
cachexia  and  anaemia. 

In  a  short  notice  which  appeared  recently,  Bachrach 
and  Tittinger  give  details  of  experiments  in  the  time  of 
coagulation  of  the  blood  as  a  guide  to  renal  function. 
They  found  that  in  cases  of  renal  incompetency  and  conse- 
quent raised  freezing-point  of  the  blood,  the  occurrence 
of  coagulation  is  delayed.  According  to  their  experi- 
ments, this  retardation  is  caused  by  the  NaCl  content  of 
the  blood.  While  the  time  of  coagulation  when  the 
kidneys  are  normal  is  2  minutes  15  seconds  to  2  minutes 
40  seconds,  they  found  this  was  raised  in  cases  of  in- 
sufficient renal  activity  up  to  a  maximum  of  3  minutes 
22  seconds,  and  also  that  "  NaCl  content  and  time  of 
coagulation  rise  in  the  same  proportion."  How  far  this 
new  method  will  be  able  to  supplant  or  replace  the 
thoroughly  proven  cryoscopic  method,  we  cannot  yet 
sav.  At  any  rate,  it  has  considerable  deficiencies  as 
compared  with  the  latter. 

In  the  estimation  of  time  of  coagulation,  a  considerably 
larger  amount  (20  c.c.)  of  blood  is  necessary  than  for 
cryoscopy  ;  the  time  of  coagulation  seems  to  us  only  to 
give  information  regarding  the  NaCl  content  of  the  blood, 
while  estimation  of  the  freezing-point  includes  all  the 
salts.  Lastly,  the  method  described  by  Bachrach  and 
Tittinger  is  one  in  which  there  is  a  good  deal  of  possible 
personal  error,  while  in  cryoscopy  this  is  certainly 
excluded. 

The  relation  between  the  lowering  of  freezing-point  of 
the  blood  and  that  of  the  urine,  which  was  first  regarded 
by  Dreser  as  a  measure  of  renal  activity,  was  first 
systematically  worked  out  by  Leon  Bernard  as  a  basis 
for  a  mathematical  formula  to  estimate  the  excretory 
activity  of  the  kidneys. 
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The    formula   -— -   X    V  =  R  represents  the  molecular 

excretion,  where  A  is  the  freezing-point  of  the  urine, 
8  that  of  the  blood,  and  V  the  twenty-four  hours' 
amount  of  urine.  This  formula,  which,  as  we  have  men- 
tioned above,  might  give  a  correct  estimate  of  the  work 
of  renal  filtration,  may  lead  to  a  diagnosis  of  renal 
incompetency  in  many  uncomplicated  cases.  Bernard 
quotes  3,000  to  4,000  as  the  value  of  R  in  normal  cases  ; 
in  many  cases  of  renal  incompetency  this  quotient  is 
considerably  diminished. 

A  further  method  has  been  developed  from  the  estima- 
tion of  the  molecular  concentration  of  the  urine,  which 
possesses  the  greatest  significance  in  functional  renal 
diagnosis— that  of  experimental  polyuria  (Albarran),  the 
testing  of  the  power  of  the  kidneys  to  dilute  and 
concentrate  (Koranyi,  Kovesi  and  Roth-Schulz,  v.  Illyes). 

In  the  cryoscopic  examination  of  the  urine  of  cases 
with  sound  and  unsound  kidneys  under  the  most  varying 
external  circumstances,  values  have  been  found  which, 
though  fluctuating  within  fairly  wide  limits,  displayed 
quite  a  definite  conformity  to  rule. 

The  normal  kidney  possesses  the  power  of  adapting 
itself  in  a  high  degree  to  the  demands  made  of  it.  As  a 
result  of  this  power,  it  is  able  not  only  to  regulate  the 
constant  molecular  concentration  of  the  blood-serum 
which  we  have  discussed  above,  but  also  to  maintain  the 
"balance  of  water"  in  the  organism.  After  the  consump- 
tion of  large  quantities  of  fluid  (Viola,  Loeper),  the  mole- 
cular concentration  of  the  blood  is  not  changed  ;  it  does 
not  decrease. 

In  order  to  maintain  at  the  same  height  the  osmotic 
pressure  of  the  blood,  the  kidney  is  able  to  filter  off 
superfluous  water  immediately  without  the  occurrence  of 
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considerable  reabsorption  of  water  expressed  from  the 
glomeruli,  which  is  the  case  under  normal  conditions  of 
secretion. 

When  the  energy  of  filtration  is  increased  there  takes 
place  a  "diarrhoea  of  the  tubules"  (Meyer),  by  which 
reabsorption  in  the  tubules  is  definitely  decreased. 

When  there  is  a  lack  of  water  in  the  organism,  an  in- 
creased claim  is  made  on  the  absorption  work  of  the 
kidneys  and  a  more  concentrated  urine  is  formed. 

We  term  these  functions  of  the  kidney  "  ability  to  dilute 
and  concentrate."  As  we  know  that  the  secretion  of  water 
takes  place  in  the  glomeruli,  we  must  regard  the  function 
of  dilution  as  belonging  to  the  glomerular  apparatus. 
''Kidneys  of  weak  osmotic  power  are  not  only  unable  to 
produce  a  highly  concentrated  urine,  but  are  also  incapable 
of  effecting  any  considerable  dilution  of  the  same" 
(v.  Koranyi).  The  variability  of  the  freezing-point  of  the 
urine  becomes  smaller  and  smaller  with  increasing 
functional  disturbance  ;  in  extreme  cases  it  may  even 
disappear  altogether. 

The  renal  power  to  concentrate  is  a  work  performed 
by  the  tubular  epithelium,  as  we  must  localize  the 
absorptive  work  of  the  kidneys  in  this  place. 

Now  if  we  succeed  in  finding  a  method  of  measuring 
the  power  of  the  kidneys  to  dilute  and  concentrate,  we 
are  dealing  with  a  purely  physiological  experiment  which 
affords  conclusions  regarding  two  important  renal  func- 
tions ;  the  topical  anatomical  diagnosis  here  tallies  with 
the  functional  topical  diagnosis.  Such  a  method  is  that 
described  by  Kovesi  and  Roth-Schulz,  and  v.  Illyes. 

The  authors  describe  the  technique  as  follows  :  In  the  morning, 
when  the  stomach  is  empty,  the  urine  of  the  patient  is  examined  and 
the  quantity,  freezing-point,  specific  gravity  and  amount  of  sodium 
chloride  and  urea  measured.  Then  the  patient  is  given  1,800  c.c. 
of  a   mineral    water    (Salvator)   to   drink  and  the  above   are   again 
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measured  every  half  hour,  the  urine  being  drawn  off  by  separate 
ureteral  catheterization.  By  this  means,  Kovesi  and  Roth-Schulz 
proved  that  healthy  kidneys  must  under  certain  circumstances  (large 
consumption  of  fluid)  be  able  to  produce  so  dilute  a  urine  that  its 
molecular  concentration  is  less  than  that  of  the  blood  (Dreser).  In 
such  cases,  the  filtration  work  of  the  kidneys  is  greater  than  their 
absorptive  work.  In  long  abstinence  from  drink  or  increased 
diaphoresis,  the  organism  protects  itself  against  an  increase  of  the 
osmotic  pressure  of  the  blood  by  a  decreased  delivery  of  water,  by 
excretion  of  a  highly  concentrated  urine,  i.e.,  by  increased  absorptive 
activity. 

In  diffused  renal  complaints  the  power  of  dilution  and 
concentration  has  suffered,  and  this  in  proportion  to  the 
extent  and  nature  of  the  pathological  process  in  the 
parenchyma.  The  "experiment  of  dilution"  lias  proved 
the  only  method  of  clinical  value  and  this,  indeed,  only 
concerns  one  part  of  the  question.  Kovesi  and  Roth- 
Schulz  were  able  to  show  that  "in  parenchymatous 
nephritis,  the  power  of  secreting  water  is  diminished  in 
proportion  to  the  severity  of  the  case ;  in  contracted 
kidney,  it  is  more  or  less  maintained."  By  study  of  the 
osmotic  power  of  the  kidneys  in  disease  (when  both  the 
lowering  of  the  freezing-point  of  the  urine  in  ordinary 
conditions  of  nourishment  and  also  the  result  of  the 
dilution  experiments  were  considered),  v.  Koranyi 
arrived  at  the  following  table  : — 


The  power 

of 

The  power  of 

concentration  is 

dilution  is 

In    parenchymatous     ne- 

Considerably 

reduced 

..     Considerably  ie< 

phritis 

In  interstitial  nephritis  ... 

Less  reduced 

. .     Almost  normal 

In   compensated    cardiac 

Normal 

Normal 

defects 

In  engorged  kidney 

Normal 

Reduced 

In  diabetes  insipidus 

Suppressed 

..     Normal 

The  significance  of  this  fact,  which  has  been  confirmed 
by  Nagelschmidt,  Marischler,  Gninwald  and  others,  will 
be  described  in  detaii  later. 

The    "dilution"    test    of    the    Hungarian   authors  was 
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studied  in  detail  by  Albarran,  who  built  it  up  into  a 
functional  test  which  has  proved  of  the  greatest  clinical 
value.  He  has  termed  this  the  method  of  experimental 
polyuria.  The  so-called  experimental  polyuria  shows 
important  differences  from  that  occurring  after  the  chief 
meals  of  the  day.  While  the  latter  is  accompanied  by 
rise  of  the  molecular  concentration  of  the  urine  and 
increased  excretion  of  chlorides,  phosphates  and  urea, 
in  experimental  polyuria  the  freezing-point  sinks  and  the 
quantity  of  the  constituents  dissolved  in  the  urine  is 
decreased. 

Albarran  formulated  two  fundamental  facts  for  the 
pathological  kidney  : — 

(1)  The  diseased  kidney  has  a  more  constant  function 
than  the  healthy,  and  its  function  varies  the  less  the 
more  parenchyma  has  been  destroyed. 

In  accord  with  our  physiological  notes,  I  should  like 
to  put  this  law  somewhat  differently  :  The  healthy  kidney 
does  not  work  with  the  whole  functional  power  at  its 
command,  but  possesses  a  latent  reserve  force,  which 
allows  it  to  adapt  itself  to  increased  demands  as  regards 
secretion  of  water  and  salts.  The  diseased  kidney,  which 
works  at  the  limit  of  its  total  reserve  force  or  with 
a  part  of  the  latter,  has  more  or  less  lost  the  ability  to 
adapt  itself  to  increased  demands. 

(2)  Albarran's  second  law  is  :  When  one  only  of  the 
two  kidneys  is  diseased  or  is  more  affected  than  the 
other,  its  functional  value  is  less  changed  than  that  of 
the  other  kidney  when  it  is  subjected  to  increased 
demands.  This  law,  too,  completely  conforms  to  the 
description  we  have  given.  On  increased  demands, 
the  kidney  more  seriously  affected  displays  a  smaller 
"functional  amplitude"  than  the  sound  or  less  affected 
kidney. 
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The  technique  of  experimental  polyuria  is  extremely  simple.  The 
patient,  who  must  not  be  under  the  immediate  influence  of  diges- 
tive polyuria,  drinks  2  to  3  glasses  (400-600  c.c.)  of  a  mineral  water 
Soon  after,  catheterization  of  the  ureters  is  performed,  and  the 
commencement,  height  and  duration  of  the  polyuria  produced  by  the 
water  consumed  is  determined  and  the  freezing-point  of  the  specimens 
of  urine  obtained  at  one  time  compared  with  one  another.  As  early 
as  the  first  half  hour  after  drinking  the  water,  experimental  polyuria 
is  evident  ;  in  the  normal  kidney  it  reaches  its  maximum  in  the  first 
half  hour  and  then  rapidly  decreases.  The  content  of  urea  and 
chlorides  shows  a  constant  depression  corresponding  to  the  polyuria. 
The  lowering  of  freezing-point  is  decreased  in  proportion  to  the 
diuresis. 

In  the  comparison  of  the  curves  of  excretion  in 
unilateral  renal  disease,  the  experimental  polyuria  shows 
an  absolutely  normal  curve  for  the  healthy  side ;  for  the 
diseased  a  smaller  amplitude  inversely  proportional  to 
the  amount  of  disease  in  the  organ,  both  as  regards  the 
excretion  of  water  and  also  of  salts. 

In  this  manner  it  is  easy  to  determine  which  kidney 
performs  its  function  better  and  whether  the  task  allotted 
to  the  kidneys  of  elaborating  a  definite  quantity  of  water 
is  competently  carried  out  by  one  or  both  kidneys. 

This  is,  at  present,  the  only  method  which  affords 
conclusions  regarding  the  reserve  power  of  a  kidney. 

It  is  just  this  point  which  is  so  extremely  significant 
in  indications  for  surgical  measures  ;  for  we  can  only 
decide  the  prognosis  in  nephrectomy  with  accuracy  by 
asking  ourselves  the  following  question  :  How  will  the 
remaining  kidney  perform  its  functions  after  extirpation 
of  the  diseased  organ  of  the  other  side  ;  will  it  be  able 
to  perform  in  a  sufficient  manner  the  work  of  excretion 
of  water  and  salts  ?  Is  there  so  much  reserve  power 
in  this  organ  that  it  will  become  adapted  to  all  its  work 
even  when  increased  demands  are  made  of  it  ? 

This  question  is  of  decisive  importance  in  the  indica- 
tions and  prognosis  for  surgical  measures  and  can  only 
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be  answered  correctly  when  we  assign  a  severe  physio- 
logical task  to  the  kidney  before  operation  and  observe 
how  it  is  performed. 

Now  the  method  of  experimental  polyuria  supplies  us 
with  an  answer  to  this  question  ;  it  measures  the  reserve 
power  of  the  kidney  in  respect  of  the  excretion  of  water. 

In  a  work  to  be  described  later,  Grunwald  has,  we 
think  incorrectly,  modified  the  test  of  experimental 
polyuria  in  the  functional  diagnosis  of  diffused  renal 
disease,  in  that  he  makes  it  a  rule  only  to  estimate  the 
specific  gravity  of  the  urine  and  not  its  freezing-point. 

Further,  the  pharmacological  diuretic  tests  (which,  in 
physiological  and  pharmacological  research,  had  been 
used  so  frequently  and  with  such  success)  were  naturally 
also  applied  to  the  test  of  function  in  the  human  kidney. 
These  methods  afford  a  conclusion  regarding  the  ability 
of  the  glomerular  apparatus  to  secrete  water,  and  especially 
the  latent  reserve  power  of  this  particular  function. 

Experiences  in  experimental  pathology  and  pharma- 
cology, however,  have  shown  that  we  have  a  further 
means  of  extending  the  renal  function  beyond  its  normal 
limits.  This  is  done  by  the  caffein  and  diuretin  tests. 
Intravenous  injection  of  these  substances  in  an  animal 
produces  a  great  increase  in  the  flow  of  blood  through 
the  kidney,  clearly  evidenced  by  means  of  the  oncometer. 
This  may  probably  be  considered  the  optimum  and 
maximum  stimulus  to  the  secretory  function  of  the  whole 
of  the  renal  parenchyma. 

This  fact  has  been  confirmed  by  many  experiments 
(O.  Lowi,  H.  Meyer),  and  we  attempted  to  build  on  its 
basis  a  method  of  test  of  function  for  clinical  purposes, 
a  method  which  should  be  able  to  assess  the  maximal 
work  of  the  whole  kidney. 

By  intramuscular  or  intravenous  injection  of  euphyllin, 
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a  soluble  double  salt  of  diuretin,  there  occurs  an  extremely 
powerful  stimulation  to  secretion  by  the  creation  of  a 
maximum  renal  blood  flow,  demonstrable  by  the' 
oncometer  —  a  maximal  polyuria.  Experiments  were 
made  in  dogs  and  rabbits  with  the  help  of  A.  Miiller 
(Basle)  at  Exner's  Physiological  Institute;  and  although 
we  were  not  entirely  successful  in  explaining  the 
experimental  side  of  euphyllin  diuresis,  I  can  give  a 
short  account  of  the  results  obtained  in  the  human 
subject. 

The  normal  kidney  replies  to  the  euphyllin  injection 
(1  c.c.)  after  about  five  minutes  with  anuria,  followed  by 
excessive  polyuria,  lasting  about  forty-five  minutes.  Even 
an  individual  deprived  of  fluid  excretes  about  ten  to  fifteen 
times  the  previous  quantity  of  urine  in  a  really  character- 
istic case. 

This  euphyllin  diuresis,  however,  shows  essential 
differences  as  compared  with  experimental  polyuria 
(Albarran).  While  the  characteristic  phenomenon  of 
the  latter  is  a  decreasing  specific  and  molecular  weight 
of  the  urine  in  proportion  to  the  increasing  quantity,  on 
the  other  hand  in  the  healthy  kidney  after  euphyllin 
injection  there  is  hardly  any  lowering  of  the  molecular 
concentration  and  specific  gravity  of  the  urine  in  spite 
of  a  high  degree  of  polyuria.  Thus,  in  this  provoked 
polyuria,  we  find  not  only  an  increased  excretion  of 
water,  but  also  of  salts  in  proportion  ;  this  relates  equally 
to  the  sodium  chloride  and  urea.  The  stimulus  to 
secretion  thus  affects  not  only  the  glomerular  apparatus 
but  also  the  tubular  epithelium  ;  at  the  same  time  the 
reabsorbing  power  (for  water  and  salts)  of  the  medullary 
substance  seems  to  be  reduced  to  a  minimum  by  the  severe 
diuresis — the  diarrhoea  of  the  tubules  (H.  Meyer).  This 
injection  forms  a  maximum  stimulus  to  renal  secretion. 
4 
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We  must  add  that  we  have  abandoned  euphyllin  tests  in 
human  subjects,  as^iiLiiiiuml  experiments  a  considerable 
reduction  of  fcd^P«^pressure4v/^vr^ularly  observed,  and 
we  did  not  y^nt  to  run  the  risk  l^f\i arming  patients  by 
a  diagnostic  jiietBbfiC  221914     jA 

On  the  following  page  will  be^ound  the  graphical 
representation  o^^u^^^ij^Er^e^is  in  the  normal  kidney, 
in  parenchymatous  and  interstitial  nephritis. 

Fig.  3. — Balthazar  J.,  aged  52,  March' 2,  1911  (normal 
kidneys).  Bilateral  ureteral  catheterization.  The  curve 
holds  equally  for  both  the  kidneys. 

Fig.  4. — Aloisia  P.  (Professor  v.  Striimpel's  clinic), 
April  28,  1910.  Chronic  interstitial  nephritis.  Bilateral 
ureteral  catheterization.  The  curve  is  the  same  for  the 
excretion  of  both  the  kidneys. 

Fig.  5. — FYanziska  Sch.  (v.  Neusser's  clinic).  Chronic 
parenchymatous  nephritis  with  oedema.  Total  amount 
of  urine,  no  ureteral  catheterization.-  Self  -  retaining 
catheter. 

Another  principle  of  testing  the  renal  functions  is 
contained  in  the  observation  of  the  excretion  of  pig- 
ments from  the  organisms. 

Kutner  in  1892  was  the  first  to  employ  methylene  blue 
for  this  puipose  ;  the  method  was  then  built  up  by  FVench 
workers,  and  Achaid  and  Castaigne  inject  0*25  grm. 
methylene  blue  subcutaneously,  and  watch  the  com- 
mencement, intensity,  duration  and  form  of  the  excretion 
of  the  blue.  Albarran  and  Bernard  observed  the  excretion 
of  methylene  blue  in  the  most  varied  renal  complaints, 
and  combined  their  experiments  with  catheterization  of 
the  ureters,  v.  Czyhlarz  and  Donath  gave  the  substance 
by  mouth. 

The  researches  of  Friedrich  Muller  led  to  the  discovery 
that  in  chronic  parenchymatous  nephritis  an  acceleration 
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of  the  excretion  of  the  pigment  takes  place  ;  in  chronic 
interstitial  nephritis,  a  retardation. 

Voisin  and  Hauser  in  1897  found  that  after  injection 
of  methylene  blue,  the  pigment  is  not  only  excreted 
in  natura,  but  that  it  is  partly  subjected  to  conversion  in 
the  organism  into  a  colourless  chromogenic  substance. 
Miiller  discovered  two  colourless  bases  of  methylene 
blue,  which  besides  the  pigment  itself  can  be  excreted  by 
the  kidneys  ;  the  methylene  blue  is  reduced  to  a  colour- 
less chromogen  in  the  blood,  and  again  oxidized  to  blue 
pigment  during  its  excretion  by  the  kidneys.  Now  it 
is  possible  that  in  diseases  of  the  kidney  the  excreting 
organ  is  incompetent  in  the  sense  that  the  oxidation  can 
only  take  place  to  a  limited  degree  or  not  at  all. 

It  is  these  colourless  bases  which  have  rendered  the 
diagnostic  application  of  the  methylene  blue  test  a 
difficult  problem.  These  colourless  derivatives  of  methy- 
lene blue  are  sometimes  difficult  to  demonstrate  and  the 
conditions  under  which  the  organism  forms  the  colour- 
less derivative  of  methylene  blue  have  not  yet  been 
explained. 

Further,  it  has  not  yet  been  proved  absolutely  definitely 
in  which  part  of  the  kidney  the  excretion  of  methylene 
blue  occurs.  According  to  Miiller's  experiments,  the 
epithelium  of  the  convoluted  tubules  and  loop  of  Henle 
is  the  site  of  the  oxidation  of  the  pigment.  Sobieransky, 
and  later  Lepine,  hold,  on  the  contrary,  that  excretion  of 
methylene  blue  takes  place  in  the  glomeruli. 

In  degeneration  of  the  tubular  epithelium  in  chronic 
parenchymatous  nephritis,  the  methylene  blue  is  filtered 
off  quickly  and  unchanged  ;  in  interstitial  nephritis  its 
excretion  is  very  much  retarded  ;  in  a  kidney  of  normal 
function  the  colourless  base  is  first  produced  and  later 
the  methylene  blue  in  an  unchanged  condition. 
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The  results  of  the  methylene  blue  test  for  renal 
diagnosis  are  extremely  variable  and  therefore  of  little 
value.  The  test  simply  shows  the  permeability  of  the 
kidney  for  just  this  particular  substance  without  justi- 
fying us  in  drawing  conclusions  as  to  any  one  of  the 
physiological  functions  of  the  kidney  from  the  result 
of  the  test. 

Delayed  appearance  of  the  methylene  blue  after  sub- 
cutaneous injection  is  a  sign  of  diminished  permeability 
of  the  kidneys  and  is  usually  associated  with  a  general 
diminution  of  the  ability  to  excrete  salts. 

Premature  appearance  of  the  pigment  was  first  recog- 
nized by  Bard  as  a  sign  of  parenchymatous  nephritis. 
In  such  cases  the  renal  filter  is  more  permeable  to 
dissolved  substances.  Premature  appearance  of  the 
methylene  blue  is  also  characteristic  of  compensatory 
hypertrophy  of  one  kidney  when  the  other  has  undergone 
destruction  (Albarran  and  L.  Bernard,  cf.  later,  p.  57). 

The  duration  of  the  excretion  of  the  pigment  may  be 
decreased — as  in  parenchymatous  nephritis — i.e.,  the  total 
quantity  may  filter  through  more  easily  and  faster.  The 
duration  may  be  increased  in  compensatory  hypertrophy 
of  the  kidney,  and  also  in  certain  forms  of  interstitial 
nephritis,  in  which,  in  addition  to  destruction  of  particular 
portions  of  the  organ,  a  compensatory  hypertrophy  is 
observed  in  other  portions  (Albarran). 

Cyclic,  polycyclic  and  intermittent  processes  of  excre- 
tion have  also  been  observed  (Chauffard)  and  have  been 
regarded  as  characteristic  of  nervous  derangements  of 
the  kidney,  liver  complaints,  interstitial  nephritis  and 
pyo-hydronephrosis.  Complete  absence  of  excretion  of 
the  pigment  has  been  recorded  by  Pugnat  and  Revilliod 
in  mitral  insufficiency  and  oedema,  in  acute  epithelial 
nephritis  and  in  two  cases  of  chronic  nephritis.    Albarran 
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observed  the  same  phenomenon  in  a  case  of  bilateral 
pyelonephritis. 

Albarran  and  L.  Bernard  found  the  following  con- 
ditions of  excretion  of  methylene  blue  after  unilateral 
nephrectomy  :  earlier  commencement  of  secretion,  high 
intensity,  polycyclic  course  and  increased  duration  (up 
to  six  days). 

Other  pigments  and  drugs  which  can  easily  be 
demonstrated  in  the  urine  have  also  been  administered 
for  diagnostic  purposes,  but  these  methods  have  not, 
however,  proved  specially  serviceable.  Such  are  rosanilin 
(Lepine  and  Dreyfus),  potassium  iodide  (Lafage  and 
others),  sodium  salicylate  (Chopin,  Widal  and  Ravaut), 
fuchsin,  diastase,  milk-sugar,  &c. 

The  introduction  of  the  indigo-carmine  test  (Volcker 
and  Joseph)  proved  a  great  addition  to  functional  renal 
diagnosis. 

Indigo-carmine  (carm.  cceruleum,  sodium  sulphindigo- 
tate)  has  the  following  advantages  over  other  pigments: — 

(i)  In  the  usual  quantities  used  in  the  test  it  is  excreted 
by  the  kidne}^  alone,  the  sweat,  saliva,  bile  and  faeces 
remaining  uncoloured. 

(2)  It  is  non-toxic  and  quite  harmless. 

(3)  In  distinction  with  methylene  blue,  in  the  majority 
of  cases  it  passes  unchanged  though  the  kidney  without 
the  formation  of  colourless  derivatives. 

The  excretion  of  indigo-carmine  through  the  kidneys 
has  been  studied  in  great  detail.  In  his  work  on  the 
excretion  of  this  pigment,  which  has  proved  of  great 
value  in  renal  physiology,  Heidenhain  has  proved  that 
the  blue  pigment  is  excreted  by  the  epithelium  of  the 
tubules  while  a  colourless  secretion  is  supplied  by 
the  glomeruli.  (Sobieransky  states  the  contrary ;  cf. 
our  physiological  notes.) 
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This  pigment  behaves  exactly  like  a  urinary  salt,  and 
as  its  excretion  runs  a  course  exactly  analogous  to  the 
secretion  of  the  latter,  the  indigo-carmine  test  has  a  special 
significance  as  an  almost  physiological  method.  Volcker 
and  Joseph  worked  out  a  very  serviceable  functional  test 
by  observation  of  the  commencement,  duration,  and  in- 
tensity of  the  excretion  ;  this  partly  by  simple  cystoscopic 
observation  of  the  jet  of  blue  urine  (chromocystoscopy), 
and  partly  by  combining  this  with  catheterization  of  the 
ureters. 

The  normal  kidney  begins  to  excrete  the  blue  pigment 
six  to  ten  minutes  after  its  intramuscular  injection 
(0*08  to  o*i6  grm.)  ;  the  intensity  of  the  excretion  can 
be  estimated  by  colorimetric  methods  and  its  duration 
exhibits  a  certain  conformity  to  rule.  The  graphic  curve 
of  the  excretion  in  healthy  kidneys  is  quite  characteristic. 

The  prompt  appearance  of  the  blue  pigment  proves  a 
satisfactory  ability  of  the  kidney  to  react  to  its  introduc- 
tion and  therefore  allows  conclusions  regarding  the 
manner  of  excretion  of  other  salts,  i.e.,  regarding  the  renal 
function  of  salt  secretion.  The  intensity  affords  a  clue 
to  the  ability  of  the  kidney  to  concentrate — the  capacity  of 
the  kidney  to  absorb  water.  If,  as  should  always  be  the 
case,  we  use  the  test  on  an  individual  deprived  of  fluids, 
an  intense  blue  coloration  will  prove  a  satisfactory  ability 
to  concentrate,  while  the  excretion  of  a  slightly  green 
to  bluish  urine  shows  us  that  the  kidney  in  question 
possesses  but  a  meagre  capacity  for  producing  a  urine  of 
high  molecular  concentration.  The  functions  of  selec- 
tion and  absorption  of  water  in  the  latter  case  will  be 
considered  insufficient  (hyposthenuria,  v.   Koranyi). 

We  have  also  repeatedly  observed  a  cyclic  course 
in  the  excretion  of  the  pigment.  I  consider  that  it 
is   a    thoroughly    characteristic    symptom    of    unilateral 
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intermittent  hydronephrosis  (amongst  other  complaints) 
when  the  excretion  of  the  pigment  runs  a  cyclic  course, 
i.e.,  when  it  disappears  after  a  few  hours,  then  reappears, 
to  vanish  again,  and  the  whole  process  repeated,  in  many 
cases  three  to  four  times,  each  lasting  twenty-four  hours. 
The  explanation  of  this  phenomenon  is  very  evident  ;  the 
organ  affected  by  hydronephrosis  excretes  the  pigment 
over  a  lengthened  period  and  in  smaller  intensity  than 
the  second  healthy  kidney.  When,  after  several  hours, 
the  latter  has  entirely  eliminated  the  pigment,  there 
remains  in  the  dilated  pelvis  of  the  diseased  kidney  a 
large  quantity  of  retained  urine  of  a  blue  colour  which  is 
emptied  in  a  cyclic  manner  in  accord  with  the  conditions 
of  excretion  in  intermittent  hydronephrosis. 

The  excretion  of  the  pigment  may  also  be  entirely 
suppressed,  but  this  does  not  in  all  cases  point  to  general 
renal  incompetency.  Volcker  showed  in  his  book  on 
chromocystoscopy  that  the  urine,  if  alkaline  and  in 
absence  of  air,  can  change  the  blue  substance  to  a  colour- 
less product,  when  it  may  escape  observation.  Only  at 
the  moment  when  air  is  readmitted  does  the  changed 
urine  again  acquire  a  blue  coloration.  The  same  condi- 
tion may  be  also  observed  in  the  methylene  blue  test. 
In  urine  which  has  undergone  ammoniacal  decomposition 
the  methylene  blue  is  changed  to  a  colourless  substance 
(chromogene  de  fermentation),  which  is  again  converted 
to  the  blue  pigment  on  admission  of  air  (Leon  Bernard). 
This  circumstance  speaks  against  the  generalization  of 
chromocystoscopy — the  cystoscopic  observation  of  the  jet 
of  urine  after  injection  of  indigo-carmine.  Such  errors, 
the  possibility  of  which  we  have  just  shown,  are  im- 
possible when  catheterization  of  the  ureters  and  the 
indigo-carmine  test  are  combined. 

In  cases    of  parenchymatous  nephritis  the  manner  of 
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secretion  is  very  similar  to  the  normal  (Volcker,  Baetzner, 
Roth).  We  have  only  found  that  in  most  cases  of  the 
chiefly  epithelial  type  of  chronic  parenchymatous  nephritis, 
the  pigment  appears  earlier — about  three  to  five  minutes 
after  injection — and  the  duration  of  excretion  is  shortened. 

The  chart  showing  the  excretion  in  interstitial  nephritis 
is  absolutely  different  from  that  of  parenchymatous 
nephritis.  The  excretion  begins  later,  is  considerably 
less  intense,  and  lasts  longer  than  in  normal  individuals. 
Arguing  on  a  correct  physiological  basis,  the  last-named 
type  of  excretion  is  explained  as  follows:  The  delayed 
appearance  shows  the  low  capacity  of  the  renal  parenchyma 
to  react  to  this  fine  reagent.  The  reduced  intensity  of  the 
excretion  of  the  pigment  finds  an  explanation  in  the  loss 
of  power  to  absorb  water,  in  hyposthenuria  and  lack  of 
ability  to  concentrate.  The  increased  duration  of  the 
excretion  proves  a  general  deficiency  of  the  excretory 
function  of  the  chronic  contracted  kidney   (cf.  p.  74). 

The  indigo-carmine  test  has  the  greater  significance  in 
unilateral  renal  complaints,  in  general  for  comparing  the 
excretion  of  the  pigment  by  the  two  kidneys,  for  the 
delayed  excretion  on  one  side  at  once  betrays  the 
diseased  kidney,  and  also  to  a  certain  extent  the  degree 
of  destruction  of  the  parenchyma. 

One   of  the  important  functions   of   the  kidney — that 

sof  secretion  of  salts — can  be  excellently  tested  by  means 

of  the  indigo-carmine  test,   "  since   the  kidneys  can  be 

given  a  task  to  perform  and  the  result  watched."     (Details 

are  given  below.) 

We  must  now  describe  another  method  of  modern  func- 
tional diagnosis  of  the  kidneys — the  phloridcine  method. 
V.  Mering  found  that  after  injection  of  a  certain 
quantity  of  the  glucoside  phloridcine,  the  animal  under 
experiment   excreted   sugar  in    the   urine.      Achard  and 


58  METHODS   OF   FUNCTIONAL   RENAL   DIAGNOSIS 

Delamare  proposed  to  use  this  phenomenon  as  a  test  for  the 
renal  function;  for  it  was  shown  by  the  first  statements 
of  v.  Mering  that  this  provoked  diabetes  must  owe  its 
origin  to  an  activity  of  the  renal  parenchyma,  since 
the  content  of  sugar  in  the  blood  was  not  only  not 
increased  but  even  diminished  by  the  phloridcine  injection 
(v.  Mering,  Minkowsky,  Quinquaud,  Levene,  Hedon, 
Pavy). 

The  proof  that  the  formation  of  sugar  really  takes 
place  in  the  kidney  was  first  made  by  Zuntz.  He  in- 
jected phloridcine  into  one  of  the  renal  arteries  of  a  dog 
and  showed  that  the  sugar  appeared  earlier  and  in  greater 
quantity  from  this  kidney  than  from  the  other.  Biedl 
and  Kolisch,  Charlier,  Pavy  and  Siau  also  found  sugar 
in  the  urine  after  passing  blood  containing  phloridcine 
through  a  kidney  kept  alive  by  physiological  methods. 
As  a  result  of  many  experiments,  we  were  able  to  prove 
that  sugar  is  found  neither  in  the  saliva  nor  in  the  sweat 
after  injection  of  phloridcine.  From  these  experiments 
and  from  the  fact  that  the  content  of  sugar  in  the  blood 
after  phloridcine  injection  is  not  increased  or  but  very 
little  (according  to  Pavy  and  Siau  even  decreased),  it  is 
proved  that  the  production  of  sugar  by  phloridcine  is 
an  active  and  exclusive  property  of  the  renal  parenchyma 
and  it  goes  a  long  way  to  prove1  that  we  must  regard  the 

1  Trambusti  and  Nesti,  Kossa  and  Seelig  examined  the  influence 
of  the  toxic  action  of  phloridcine  on  the  renal  substance.  Their 
histological  experiments  showed  that  the  epithelial  cells  of  the  con- 
voluted tubules  show  considerable  necrosis.  Other  authors  deduced 
from  their  experiments  (Nussbaum,  Adami,  v.  Haberer,  Hellin 
and  Spiro)  and  others  from  clinical  experiences  (Senator,  Achard, 
Delamare)  that  the  site  of  formation  of  sugar  after  injection  of  phlorid- 
cine is  the  glomerulus.  Lowi  carefully  studied  the  diuretic  action  of 
phloridcine,  and  came  to  the  conclusion  that  the  sugar  excreted  in  the 
tubules  hinders  the  absorption  of  urine  in  the  latter  by  virtue  of  its 
osmotic,  hygroscopic  power,  a  circumstance  which  is  explained  by  the 
polyuria  occurring  after  injection  of  phloridcine. 
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epithelial  cells  of  the  tubules  as  the  site  of  production 
of  the  sugar. 

Now  pathological  physiology  has  shown  that  in  experi- 
mental lesions  of  the  kidney  (Hellin  and  Spiro),  the 
phloridcine  glycosuria  is  much  altered.  Klemperer,  Aldor 
and  Achard  were  the  first  to  show  in  human  pathology 
that  in  renal  diseases  the  experimental  excretion  of  sugar 
is  decreased  or  stopped  altogether. 

Lastly,  Casper  and  Richter  introduced  the  phloridcine 
method  into  surgical  renal  diagnosis.  By  combining  the 
latter  with  catheterization  of  the  ureters,  they  found  that 
the  test  "  affords  a  general  estimate  of  the  amount  of  renal 
material  capable  of  performing  its  function,  measures  the 
amount  of  working  parenchyma  present  and  thereby 
indirectly  also  the  amount  of  work  performed  by  the 
kidney."  "  By  the  quantitative  estimation  of  the  sugar 
excreted  by  each  kidney  after  injection  of  phloridcine, 
a  general  indication  of  the  amount  of  renal  activity  is 
obtained."  The  glycosuria  occurring  after  injection  of 
coi  grm.  phloridcine  (subcutaneously  in  a  fresh,  warm 
solution)  is  estimated  with  respect  to  the  commencement, 
intensity  (percentage)  and  the  duration  (absolute  quan- 
tity) of  the  excretion  of  sugar,  and  this  for  each  kidney 
separately  by  means  of  bilateral  ureteral  catheterization. 

Kapsammer  altered  the  Casper-Richter  method  in  so 
far  as  he  made  it  a  rule  only  to  observe  the  commence- 
ment of  the  excretion  of  sugar  ;  he  identifies  a  prompt 
occurrence  of  glycosuria  (after  ten  to  fifteen  minutes) 
with  normal  function  and  delay  in  excretion  with 
impaired  function,  and  states  that  the  impairment  of 
function  is  proportional  to  the  delay  in  excretion. 

There  are,  however,  great  objections  to  the  use  of  the 
phloridcine  test  as  a  "general  indicator"  of  the  renal 
function. 
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Israel,  Acliard,  Albarran,  and  later  Rovsing,  rejected  the 
diagnostic  evidence  of  the  phloridcine  method  on  account 
of  their  experience  in  the  absence  of  glycosuria  after 
phloridcine  injections  in  individuals  with  healthy  kidneys. 
Heresco,  Vogel,  Vedova,  and  Beer  chronicle  absolutely 
successful  nephrectomies  in  spite  of  the  absence  of 
glycosuria  after  injection  of  phloridcine.  The  varying 
results  of  the  test  in  the  same  individual  in  a  series  of 
experiments,  and  the  fact  that  even  under  normal  con- 
ditions the  quantities  of  sugar  excreted  by  the  two  kidneys 
show  considerable  differences  (up  to  30  per  cent.)  are  the 
chief  objections  to  the  value  of  the  method  in  surgical 
renal  diagnosis  ;  these,  however,  by  no  means  evidence 
any  entire  lack  of  value. 

Albarran  devoted  careful  study  to  the  question  of 
testing  the  renal  function  by  means  of  the  phloridcine 
method.  The  observation  of  prompt  excretion  of  sugar 
in  spite  of  renal  lesions  (Delamare,  Jouffray),  absence  of 
glycosuria  in  individuals  with  healthy  kidneys  (Achard, 
Delamare,  Cloupet,  Israel,  Rovsing,  Albarran),  and  the 
divergence  between  the  results  of  cryoscopy,  the  meth- 
lene  blue  test  and  experimental  polyuria  on  one  side  and 
the  phloridcine  test  on  the  other,  led  him  to  the  following 
conclusions  (p.  488)  : — 

(1)  "  Glycosuria  produced  by  phloridcine  does  not 
permit  us  to  judge  of  the  healthy  condition  of  one  of  the 
two  kidneys,  and 

(2)  "  Experimental  glycosuria  is  inferior  to  other 
methods  for  the  comparison  of  the  functional  value  of 
the  two  kidneys." 

With  regard  to  the  "  time  method "  of  observing  the 
commencement  of  the  phloridcine  glycosuria,  Albarran 
gives  the  following  statement  :  "  The  delay  in  the  appear- 
ance of  sugar  in  the  urine  has   no  great  importance  from 
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the  point  of  view  of  the  functional  diagnostic  comparison 
between  the  two  kidneys." 

In  conjunction  with  my  colleague  Prigl,  I  made  a 
number  of  clinical  observations  which  speak  against  the 
value  of  Kapsammer's  modification  of  the  phloridcine 
method.  We  found  cases  in  which  healthy  kidneys 
excreted  the  sugar  a  long  time  after  the  phloridcine  injec- 
tion ;  on  the  other  hand,  cases  with  sound  renal  function 
which  promptly  displayed  the  renal  diabetes;  and  there 
were  other  cases  in  which  the  reaction  showed  such 
variation  on  repeated  experiments  that  the  method  could 
not  but  seem  of  little  clinical  value.  Zuckerkandl, 
Rovsing,  Lichtenstern,  Katz,  Necker,  Lenk,  Salomon  and 
Unterberg  obtained  similar  results,  both  prior  to  and 
after  our  experiments.  The  unreliability  of  the  phloridcine 
test  as  a  "general  indicator"  of  the  amount  of  renal 
parenchyma  capable  of  performing  its  function  is  shown 
by  the  detailed  experimental  work  of  v.   Haberer. 

If  we  adhere  to  our  original  physiological  scheme  of 
division,  it  is  specially  difficult  to  answer  the  question 
which  section  of  the  renal  work  we  intend  to  measure  by 
means  of  the  renal  diabetes.  The  physiological  func- 
tions of  the  kidneys,  absorption  of  water,  secretion, 
production  of  salts,  selection1,  are  not  tested  by  the 
production  of  phloridcine  glycosuria.  The  renal  diabetes 
is  a  pathological  function  of  the  renal  parenchyma 
which,  in  satisfactory  cases,  finds  an  analogy  in  its 
synthetic  function   (formation    of  hippuric  acid).     As  to 

1  v.  Mering  showed  that  the  excretion  of  sugar  is  not  a  simple 
analytical  function  such  as  decomposition  into  phloretin  and  phlorose 
sugar  (Minkowski),  as  the  glycosuria  produced  by  I  eg.  of  phloridcine 
could  not  be  accompanied  by  such  large  amounts  of  sugar. 

Minkowski  suggested  the  clever  hypothesis  that  the  glycosuria 
arises  as  follows  :  the  phloridcine  is  split  up  into  phloretin  and 
sugar  by  the  activity  of  the  tubular  epithelial  cells  ;  the  phloretin  is 
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the  section  of  the  active  parenchyma — glomeruli  or 
tubular  epithelium,  cortex  or  medulla — in  which  this 
function  is  present,  we  know  nothing  definite  at  the 
present    time. 

This  consideration  alone  persuaded  us  and  many 
others  to  abandon  the  phloridcine  method,  although 
in  many  ways  it  has  proved  valuable  so  far  as  its 
results  were  in  accord  with  those  of  other  methods  ; 
we  have  given  it  up  chiefly  because  these  other  methods 
correspond  more  closely  to  our  demands  for  a  topical 
functional  diagnosis  on  a  physiological  basis  than  does 
the  phloridcine  method. 

The  other  and  more  familiar  synthetic  function  of  the 
kidney,  the  formation  of  hippuric  acid,  has  also  intelli- 
gently been  applied  as  a  means  of  functional  diagnosis. 

As  early  as  1879,  Jarsfeld  and  Stockvis  examined  the 
ability  of  the  kidneys  to  excrete  as  hippuric  acid  benzoic 
acid  introduced  by  mouth.  They  discovered  that  this 
ability  is  suppressed  in  various  affections  of  the  renal 
parenchyma.  The  results  which  they  and  their  followers 
(Achard  and  Chapelle)  obtained  are  so  ambiguous  and 
inconstant  that  this  method  has  rightly  been  abandoned, 
particularly  as  it  has  by  no  means  been  proved  that  other 
organs,  the  liver  and  intestines,  are  not  also  concerned 
in  the  synthesis  of  benzoic  acid  and  glycocoll  to  hippuric 
acid. 

A  new  method  of  testing  the  renal  function  was 
recently  described   by  Wolgemuth  ;  as  we  have   not  yet 

reabsorbed  into  the  blood,  is  combined  with  the  sugar  in  the  blood 
to  form  phloridcine,  and  the  formation  of  sugar  can  occur  afresh. 

Pavy,  Brodi  and  Siau  ascribe  the  phloridcine  glycosuria  to  a 
specific  activity  of  the  epithelial  cells.  They  hold  that  "  under  the 
influence  of  the  presence  of  phloridcine  these  cells  exert  a  katabolic 
action  upon  something  reaching  them  from  the  blood,  resulting  in 
the  liberation  of  dextrose." 
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made  personal  trial  of  it  we  cannot  yet  offer  any  criticism, 
but  mention  it  to  make  our  description  complete. 

The  fact  has  been  established  that  in  the  urine  of 
individuals  with  healthy  kidneys,  there  is  always  a  certain 
amount  of  diastase,  but  only  very  little  or  none  at  all 
in  the  urine  of  patients  with  renal  disease.  On  this 
basis,  Wohlgemuth  accepted  the  presence  of  diastase  in 
the  urine  as  a  sign  of  a  satisfactory  functional  activity  of 
the  kidney  and  "  the  amount  of  diastase  excreted  as  a 
measure  of  ,the  latter." 

Goichi  Hirata's  experiments  in  animals  suffering  from 
renal  diseases  gave  results  similar  to  Wohlgemuth's  in 
man.  The  estimations  of  diastase  in  urine  obtained  by 
separate  ureteral  catheterization,  which  Wohlgemuth  made 
in  Casper's  clinic  at  Berlin,  showed  that  the  two  kidneys 
in  a  normal  condition  excrete  equal  quantities  of  diastase. 
The  results  in  patients  with  unilateral  disease  showed 
a  close  accordance  with  the  other  methods  in  use  at 
Casper's  clinic — cryoscopy  of  the  urine,  the  indigo- 
carmine  test,  and  the  phloridcine  method.  He  obtained 
the  impression  that  the  diastase  test  is  not  inferior  to  the 
estimation  of  the  freezing-point,  and  is  superior  to  the 
pigment  and  sugar  methods. 

As  to  how  this  method  stands  respecting  the  objections 
to  cryoscopy,  particularly  as  regards  alimentary  polyuria 
or  reflex  polyuria  caused  by  catheterization,  we  cannot 
at  present  judge.  At  any  rate  the  diastase  method  dis- 
tinctly belongs  to  those  functional  tests  which  measure 
the  manifest  renal  work  and  permits  no  conclusions  as 
to  the  possibility  of  increase  of  the  latter. 

We  must  mention  one  further  method  as  the  last  of 
our  series — the    injection   of  phenolsulphonephthalein,1 


1  "An  Experimental  and  Clinical  Study  of  the  Functional  Activity 
of  the  Kidneys  by  means  of  Phenolsulphonephthalein,"  by  J.  T. 
Geraghty,  American  Association  of  Genito-urinary  Surgeons,  1910. 
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used  in  Young's  clinic  at  Baltimore  and  recommended 
by  Geraghty  and  Rowntree.  This  substance  is  a  salt 
which  in  alkaline  solution  is  a  deep  wine-red  fluid,  in 
acid  solution,  yellow. 

By  intravenous  or  intramuscular  injection  of  1  c.c. 
(6  mg.)  and  receiving  the  urine  in  an  alkaline  fluid,  the 
commencement  of  the  excretion  of  the  pigment  can  be 
observed,  even  in  the  smallest  traces.  In  individuals  with 
healthy  kidneys,  it  appears  in  the  urine  in  eight  to  eleven 
minutes.  The  total  amount  is  usually  almost  entirely 
excreted  in  two  hours.  Further,  by  means  of  a  colorimeter 
(we  use  Autenriet's),  the  quantity  of  the  pigment  excreted 
in  the  urine  can  be  estimated  with  a  fair  degree  of 
accuracy.  Experiments  with  this  method,  carried  out  by 
Dr.  O.  Schwarz  in  the  urological  department  of  our  poly- 
clinic, have  so  far  justified  us  in  concluding  that  there  does 
not  seem  any  advantage  of  phenolphthalein  over  indigo- 
carmine  for  surgical  indications,  except  the  absolute 
painlessness  of  the  injection  as  contrasted  with  that  of 
the  latter. 

We  regard  it  as  a  disadvantage  of  this  new  method  that 
the  phenolphthalein  as  an  extremely  delicate  reagent  may 
clearly  indicate  even  small  remains  of  renal  parenchyma 
capable  of  performing  its  function,  so  that  for  example 
in  tubercular  or  other  forms  of  destruction  of  a  large  part 
of  the  kidney,  the  commencement  of  excretion  is  often  not 
delayed.  The  value  of  the  method  lies  in  the  quantita- 
tive estimation  of  the  amount  of  pigment  excreted  and 
in  the  quantitative  graphical  chart  obtained  by  estimating 
the  amounts  excreted  in  the  urine  every  half  hour. 

As  a  chromocystoscopic  method  we  use  the  phenol- 
phthalein as  follows  :  After  the  injection  of  the  pigment, 
we  fill  the  bladder  with  a  1  per  cent,  soda  solution  and 
then  observe  the  secretion  by  the  kidneys.  The  quanti- 
tative estimation  is  not  influenced  by  this  procedure. 
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If  this  method  be  combined  with  catheterization  of  the 
ureters,  the  accuracy  of  the  quantitative  test  suffers  from 
the  impossibility  of  securing  absolutely  close  contact  of 
the  ureter  against  the  catheter.  A  part  of  the  urine  runs 
by  the  side  of  the  catheter  into  the  bladder  and  is  not 
included  in  the  estimation.  Also  it  is  almost  impossible  in 
practice  to  leave  the  catheter  in  position  for  two  hours 
in  more  than  one  in  a  hundred  cases. 

We  are  of  opinion  that  the  value  of  the  new  method 
lies  not  so  much  in  estimating  the  renal  function  for  the 
purpose  of  surgical  indications  in  unilateral  renal  com- 
plaints as  in  determining  the  conditions  of  salt  excretion 
in  non-surgical  renal  diseases. 

Normal  kidneys,  as  we  have  already  mentioned,  excrete 
the  pigment  almost  completely  in  the  first  two  hours 
after  intravenous  injection,  commencing  as  soon  as  five 
to  ten  minutes,  and  then  in  the  proportion  of  about 
70  :  30  in  the  first  and  second  hours.1 

Glomerular,  vascular,  interstitial  nephritis  is  usually 
characterized  by  the  fact  that  the  commencement  of 
excretion  is  considerably  delayed,  and  the  amount  of 
delay  is  apparently  proportional  to  the  severity  of  the 
disease.  A  lengthening  of  the  duration  of  excretion  is 
also  observed.  The  proportion  of  the  quantities  excreted 
in  the  first  two  hours  in  advanced  cases  is  about  20  :  20. 

In  parenchymatous  nephritis — tubular,  epithelial 
"  nephrosis  " — the  same  conditions  of  excretion  are  found 
as  in  the  normal  kidney,  or  an  accelerated  excretion  of 
the  pigment  is  observed. 

It  appears  to  be  characteristic  of  cases  of  retention  of 
urine  in  the  pelvis  of  the  kidney  (hydronephrosis,  retention 


1  The  figure  represents  not  percentages  but  the  figures  on  the  scale 
of  the  colorimeter. 
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of  urine  in  cases  of  enlarged  prostate  and  stricture), 
in  which  there  is  often  no  other  sign  of  impaired  renal 
function,  that  the  quantity  of  the  pigment  excreted  is 
hardly  reduced  at  all  ;  but  the  proportion  between  the 
quantities  excreted  during  the  first  two  hours  is  changed 
(about  45  :  45).  This  seems  to  prove  a  certain  inflexi- 
bility of  the  renal  function — torpor  renalis. 

The  significance  of  these  results  and  the  detailed 
description  of  the  experiments  on  animals  and  the  tests 
made  on  renal  patients  is  contained  in  a  detailed  publi- 
cation by  O.  Schwarz. 


D—  ATTEMPT  AT  A  TOPICAL  RENAL  DIAGNOSIS 
BY  MEANS  OF   FUNCTIONAL  TESTS. 

Attempts  at  a  "  functional  "  diagnosis  depend  on  the 
discoveries  of  experimental  physiology  and  pathology. 
The  latter  gave  a  fresh  impetus  to  our  diagnosis,  for 
functional  diagnostic  methods  were  built  up  into  a  topical 
diagnosis  by  the  endeavour  to  help  the  localization  of 
the  impaired  function  in  an  organ  and  even  in  the 
various  parts  of  the  parenchyma  of  an  organ,  all  of 
different  function. 

Thus  the  first  topical  diagnosis  was  probably  that 
relating  to  the  central  nervous  system,  then  that  of  the 
circulatory  apparatus,  that  of  the  stomach  and  intes- 
tines, &c. 

The  latest  development  is  topical  renal  diagnosis 
directed  to  the  localization  inside  the  organ.  This  will 
be  described  in  the  following  pages  on  the  basis  of 
experiences  in  functional  tests  in  healthy  and  diseased 
kidneys,  on  the  results  of  animal  experiments  and  the 
records  in  the  literature  of  the  subject. 
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As  there  are  in  the  pathology  and  physiology  of  the 
kidneys  such  a  particularly  large  number  of  problems 
still  unsolved,  it  is  evident  that  absolutely  conclusive 
results  can  only  be  described  in  a  very  small  percentage 
of  cases  ;  all  these,  which  at  present  have  proved  defec- 
tive, hypothetical  or  too  schematic,  will  be  accorded 
further  experimental  and  clinical  study  in  the  near  future. 

That  we  owe  the  valuable  and  precise  results  of  recent 
renal  diagnostic  methods  to  the  great  preparatory  work 
of  physiologists  and  pathologists,  is  at  once  admitted  ; 
on  the  other  side,  clinical  observation  of  the  function  of 
healthy  and  diseased  kidneys  in  the  human  subject  have 
afforded  such  significant  results  for  the  physiology  of  the 
renal  activity,  that  clinicians,  too,  can  claim  to  have 
rendered  valuable  service  in  this  province  to  physiology. 

In  turning  to  the  subject  described  by  our  title — 
Topical  Renal  Diagnosis  by  means  of  Functional  Tests — 
may  we  first  look  back  very  shortly  to  see  what  we  owe 
to  the  old  clinical  methods  of  renal  diagnosis  as  an  aid 
to  the  localization  of  the  impaired  function  ? 

In  point  of  fact  it  is  at  first  sight  particularly  difficult 
to  ascertain  the  connection  between  the  frequent  extreme 
paucity  of  clinical  symptoms  of  an  organism  recognized 
as  suffering  from  renal  disease  and  the  extensive  patho- 
logical changes  which  are  sometimes  present  in  the  renal 
parenchyma,  and  this  especially  when  it  is  a  case  of 
unilateral  renal  disease. 

Formerly  we  only  had  the  help  of  the  clinical  examina- 
tion of  the  organism  as  a  whole,  the  relations  of  the  renal 
disease  to  the  condition  of  the  heart,  blood-vessels  and 
central  nervous  system,  palpation  of  the  kidneys  and  the 
chemical  and  microscopical  examination  of  the  urine. 

The  chain  of  symptoms  in  uraemia,  the  pathology  of 
which  has  held  first  place  for  some  decades,  is  rightly 
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regarded  as  the  most  severe  form  of  functional  disturb- 
ance of  the  whole  renal  parenchyma.  The  permeability 
of  the  kidneys  to  the  many  waste  products  of  metabolism 
is  so  seriously  affected  that  their  accumulation  in  the 
blood  occurs,  causing  the  symptoms  of  uraemia. 

The  occurrence  of  oedema  proves  impairment  of  the 
secretory  functions  of  the  kidney,  for  water  and  salts  and 
hypertrophy  of  the  heart  in  renal  patients  are  explained 
by  the  increased  peripheral  resistance  in  the  kidney 
to  compensate  the  destruction  of  portions  of  the 
glomerular  section  of  the  organ.1 

Chemical  and  microscopical  examination  of  the  urine 
could  only  be  applied  to  the  localization  of  the  im- 
paired renal  function  in  so  far  as  a  paucity  of  excreted 
salts  evidenced  an  impaired  excretory  function  of  the 
kidney  ;  polyuria  in  a  contracted  kidney,  a  compensatory 
phenomenon  to  the  retention  of  salts ;  oliguria,  the  loss  of 
power  to  secrete  water.  The  presence  of  various  histo- 
logical forms  of  casts  and  renal  epithelium  could  only  be 
utilized  as  the  sign  of  a  graduated  severity  of  the  disease 
in  the  renal  parenchyma. 

The  result  of  the  old  clinical  examination  was  at  the 
best  an  anatomical  differential  diagnosis  between  paren- 
chymatous and  chronic  interstitial  nephritis  ;  for  the 
former  was  characterized  by  oliguria,  low  blood-pressure, 
presence  of  casts  in  the  urine,  small  excretion  of  salts, 
large  quantities  of  albumin  in  the  urine  and  oedema,  the 
latter  by  polyuria,  hypertension,  slight  albuminuria  and 
absence  of  casts  in  the  urine. 

But  even  though  these   methods  rendered  possible  to 


1  CEdema,  too,  in  parenchymatous  nephritis  would  be  regarded 
as  a  compensatory  regulation  to  the  excessive  losses  of  albumin  due 
to  the  excessive  permeability  of  the  kidney  (Bard). 
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a  small  degree  the  anatomical  diagnosis  of  the  renal 
disease  in  the  interests  of  medical  treatment,  they  gave 
no  assistance  worth  mentioning  from  a  surgical  stand- 
point, particularly  with  regard  to  unilateral  diseases. 

The  question  at  issue  was  an  entirely  different  one. 
The  problem  of  anatomical  diagnosis  was  simply  and 
entirely  solved  by  the  employment  of  catheterization  of  the 
ureters  and  radiography ;  unilateral  or  bilateral  tuberculosis, 
renal  tumours,  hydro-  and  pyo-nephrosis  and  nephro- 
lithiasis could  be  definitely  recognized  l^y  this  means. 
But  before  performing  nephrectomy,  we  must  be  certain 
that  the  remaining  kidney  will  be  able  to  adapt  itself  to 
the  needs  of  the  organism  when  called  upon  to  act 
alone.  The  question  is  of  how  the  two  kidneys  share 
the  metabolic  work,  and  the  still  more  important  problem 
of  how  far  each  kidney  is  capable  of  increasing  its 
activity.  It  is  not  the  momentary  activity  but  the 
maximum  capacity  for  work,  the  reserve  force  of  the 
organ,  that  should  be  estimated. 

The  clinical  tests  of  function  depend  on  the  answer  to 
these  questions.  The  former  are  only  in  order  when  they 
concern  the  true  physiological  functions  of  the  kidney  as 
an  excretory  organ. 

In  order  to  keep  the  subject  as  concise  as  possible,  we 
have  drawn  up  a  schematic  table  as  a  very  condensed 
guide  to  the  topical  physiology  and  pathology  of  the 
renal  function,  as  explained  by  the  most  recent  experi- 
mental research. 

The  most  important  function  of  the  kidney  is  that  of 
the  regulation  of  osmotic  pressure — its  ability  to  free  the 
blood  every  second  from  the  harmful  metabolic  products, 
the  accumulation  of  which  in  the  blood-stream  must 
otherwise  lead  to  severe  symptoms  of  toxic  uraemia. 
This  work  of    the  kidney  is  estimated   by  cryoscopy   of 
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the  blood  ;  it  is  performed  by  means  of  the  excretion  of 
urine,  a  watery  solution  of  organic  and  inorganic  salts 
and,  on  the  other  hand,  by  the  retention  in  the  blood  of 
various  other  non-excreted  substances.  For  this  purpose 
the  blood  inside  the  kidney  is  conducted  over  a  com- 
plicated, selective  and  active  filter,  in  which  process  we 
recognize  three  stages  : — 

(a)  In  the  first  stage,  in  the  interior  of  the  glomerular 
apparatus,  the  water  and  a  number  of  salts  are  excreted. 
In  the  sense  *of  the  Bowman-Ludwig  theory  and  of 
Heidenhain's  and  v.  Sobieransky's  modifications,  we 
assume  that  in  the  glomerular  apparatus,  besides  the 
water,  also  sodium  chloride  and  other  crystalloids  are 
excreted,  but  only  within  certain  limits,  either  by  simple 
filtration  or  by  secretion  through  the  epithelium  of 
Bowman's  capsules. 

{b)  In  the  tubular  epithelium,  the  extremely  dilute 
urinary  fluid  filtered  through  from  the  glomeruli  is 
enriched  by  the  secretory  activity  of  the  epithelium  of 
the  convoluted  and  spiral  tubules.  Here  there  is  added 
to  the  urine  a  section  of  the  so-called  specific  constituents, 
urea,  uric  acid,  &c,  and  the  excess  of  salts  introduced 
into  the  organism,  sodium  chloride,  potassium  iodide, 
&c.  (cf.  diagram  on  opposite  page). 

This  is  further  the  site  where  that  part  of  the  selective 
work  of  the  kidney  is  performed  by  means  of  which  an 
acid  urinary  fluid  is  produced  from  the  alkaline  or 
amphoteric  blood  plasma  by  the  addition  of  uric  acid 
and  phosphoric  salts. 

(c)  The  third  process  concerns  the  collecting  tubules 
and  loops  of  Henle,  the  medullary  substance  of  the 
kidney,  in  which  a  further  concentration  of  the  urinary 
fluid  is  caused  by  a  reabsorption  of  water  and  various 
salts  into  the  blood-  and  lymph-streams. 
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The  short  scheme  of  renal  physiology  which  we 
have  described  here  is  in  accordance  with  modern  views 
which  we  owe  to  the  experimental  work  of  Ludwig, 
Heidenhain,  v.  Sobieransky,  Gottlieb  and  Magnus,  H.  H. 
Meyer,  Gurwitsch,  and  others  ;  it  is  also  in  accord  with 
the  results  of  clinical  functional  tests  in  healthy  and 
.diseased  kidneys. 

In  column  II  in  the  diagram  will  be  found  our  methods 
of  functional  renal  diagnosis,  arranged  according  to  the 
localization  of  the  function  to  be  tested. 

With  regard  to  Section  A  of  the  diagram,  the  filtra- 
tion of  water  and  salts  occurring  in  the  glomeruli  are 
estimated  as  follows  :  (i)  the  ability  to  secrete  water  by 
the  giving  of  a  test-meal  and  the  observance  of  its 
elaboration  in  the  kidneys,  by  the  test  of  experimental 
polyuria  (Albarran)  and  the  dilution  tes,t  (Kovesi  and 
Roth-Schulz).  (2)  The  function  of  secretion  of  salts  is 
measured  by  the  indigo-carmine  and  other  pigment  tests. 
That  this  test  also  affords  a  clue  to  the  glomerular  activity, 
we  must  now  assume  on  the  basis  of  the  convincing  state- 
ments of  v.  Sobieransky  in  opposition  to  Heidenhain's 
view.  As  we  shall  show  later,  the  conditions  of  excretion 
of  indigo-carmine  in  the  various  forms  of  nephritis  can 
only  be  explained  by  assuming  the  secretion  of  a  part 
of  the  pigment  by  the  glomeruli. 

A  further  test  of  glomerular  activity  is  afforded  by  the 
milk-sugar  method,  worked  out  in  detail  by  Schlayer  and 
Takayasu. 

It  is  possible,  too,  that  we  can  also  include  the  phlorid- 
cine  test,  but  at  present  it  has  not  been  possible  to 
determine  with  certainty  the  site  of  the  formation  of 
sugar  in  the  kidney  after  injection  of  phloridcine. 

Section  B. — The  secretion  of  the  specific  urinary  con- 
stituents taking  place  in  the  tubular  epithelium  can   be 
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tested  experimentally  by  the  sodium  chloride  and  potas- 
sium iodide  tests  of  Schlayer  and  Takayasu  in  experi- 
mentally produced  nephritis.  The  work  of  this  section 
of  the  parenchyma  can  also  be  judged  by  the  estimation 
of  urea  and  uric  acid  ;  and  further  by  the  observation  of 
the  concentration  of  excretion  of  indigo  blue. 

Section  C. — In  the  medullary  substance  of  the  kidney 
there  occurs  the  reabsorption  of  water  and  certain  salts. 
As  a  test  of  the  medullary  function,  Kovesi  and  Roth- 
Schulz's  test  of  the  ability  of  the  kidney  to  concentrate 
has  relatively  but  little  practical  value.  The  caffein  and 
diuretin  methods  give  us  far  more  information  as  to  the 
function  of  this  section  of  the  gland. 

If  we  review  the  methods  we  have  mentioned  of  testing 
the  functions  of  the  kidneys,  it  is  evident  that  by  these 
means  we  can  obtain  a  topical  diagnosis  of  the  renal 
functions.  From  the  results  of  these  methods  we  can 
draw  conclusions  as  to  the  competency  or  incompetency 
of  the  various  parts  of  the  parenchyma.  All  these 
methods  are  based  on  the  observation  of  the  secretion 
of  substances  natural  or  foreign  to  the  human  body. 

In  column  III  will  be  found  the  various  forms  of 
experimental  nephritis — those  occurring  in  the  glomerular 
apparatus  (vascular),  the  degenerative  processes  arising  in 
the  tubular  epithelium  (Ribbert),  the  tubular  and,  lastly, 
the  destruction  of  the  medullary  pyramids  by  vinylamin 
(Schlayer  and  Takayasu). 

The  fourth  column  shows  us  the  contrast  according  to 
the  old  nomenclature  between  interstitial  and  parenchy- 
matous nephritis,  vascular  and  tubular,  glomerular  and 
desquamative,  epithelial  nephritis. 

We  prefer,  however,  to  conform  to  the  descriptions  of 
F.  Miiller,  Ponfick,  and  Ribbert,  and  speak  of  interstitial 
nephritis  and  degenerative  epithelial  nephrosis. 
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By  means  of  the  results  of  topical  diagnosis,  we  are 
able,  on  the  basis  of  clinical  experience  and  animal 
experiment,  to   submit  the  following  table  : — 


Result  of  the  Functional  Tests. 


Concentration     of 
the  urine 


Experimental  poly- 
uria 

Euphyllin  (and 
caffein  and  diure- 
tin)  test 

Secretion  of  indigo- 
carmine 


Milk-sugar 
NaClandKI      ... 
Phenol-sulpho- 

phthalein 


In  interstitial  nephritis 


Hyposthenuria  by  a  relative 
decrease  of  the  excretion 
of  salts 


Negative,  as    the    glomerular 
function    is  not    capable  of 
increase 
No     increased      excretion    of 
water      if      the      glomeruli 
have    suffered    maximal  de- 
generation (torpor  renalis) 
Delayed,  decreased    in  inten- 
sity,    lengthened    duration 
(by        glomerular       incom- 
pletency  with    good   power 
of  reabsorption) 
Delayed,  decreased, lengthened 
As  in  the  normal  kidney 
Delayed, decreased, lengthened 


In  epithelial  nephrosis 


Hyposthenuria  by  abso- 
lute decrease  of  secre- 
tion of  the  specific 
urinary  constituents  (re- 
tention of  N  and  NaCl). 

Positive  or  increased 
owing  to  decreased 
reabsorption. 

Considerable  polyuria 
with  reduced  concentra- 
tion of  the  urine. 

Normal  or  accelerated  (by 
loss  of  reabsorption), 
more  in  quantity  and  of 
longer  duration  than  in 
the  normal  kidney. 

As  in  the  normal  kidney. 

Delayed  and  decreased. 

As  in  the  normal  kidney. 


To  resume,  it  must  be  emphasized  in  connection  with 
the  functional  testing  of  diseased  kidneys,  that  we  owe 
much  important  information  to  the  new  methods  for 
diagnosis,  prognosis  and  therapy  in  the  internal  treat- 
ment of  renal  diseases  ;  in  particular,  a  rational  mode 
of  treatment  and  individual  prophylaxis  in  the  various 
forms  of  nephritis  are  considerably  promoted,  and  a  treat- 
ment to  spare  the  various  parts  of  the  parenchyma 
rendered  possible. 

The  therapeutic  conclusions  to  be  drawn  from  this 
peculiar  relation  of  the  various  forms  of  nephritis  have 
been  lately  shown  by  Eppinger,  to  which  we  shall 
return  later. 
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With  regard  to  the  topical  diagnosis  of  the  so-called 
surgical  renal  complaints,  the  field  is  necessarily  some- 
what limited.  The  first  and  chief  question  which  is 
asked  of  a  functional  diagnostic  method  in  renal  surgery 
concerns  the  proof  of  the  soundness  of  the  kidney  which 
will  remain  and  its  ability  to  perform  its  functions. 

On  the  basis  of  the  above  principles  of  topical  renal 
diagnosis,  we  shall  here  be  in  a  position  to  depart  from 
the  usual  mechanical  test  of  function  and  attempt  to 
consider  each  separate  case  strictly  individually  and  judge 
the  separate  functions  of  the  renal  parenchyma  by  the 
method  which  corresponds  to  them.  This  specially  holds 
for  these  "doubtful  cases,"  in  which  catheterization  of 
the  second  kidney  provides  a  secretion  which,  by  the 
presence  of  albumin  or  casts,  justifiably  gives  rise  to 
doubt  as  to  its  functional  capacity  and  the  possibility 
of  a  compensatory  increase  of  work  after  removal  of  the 
diseased  sister-organ. 

We  shall  usually  measure  the  renal  power  of  regulation 
of  the  osmotic  pressure  by  the  estimation  of  the  freezing- 
point  of  the  blood.  We  shall  assess  the  capacity  to 
secrete  salts  by  the  indigo-carmine  test,  secretion  of 
water  by  the  results  of  the  dilution  test  and  experimental 
polyuria  ;  the  function  of  the  tubular  epithelium  is 
judged  by  the  estimation  of  urea,  and  we  measure 
reabsorption  in  the  medullary  substance  by  the  various 
diuretic  experiments. 

For  the  anatomical  diagnosis  of  the  so-called  surgical 
renal  diseases  we  have  the  well  proven  means  of  clinical 
diagnosis  in  combination  with  catheterization  of  the 
ureters.  We  recognize  renal  tuberculosis  by  the  presence 
of  tubercle  bacilli  in  the  urinary  sediment,  nephrolithiasis 
by  radiography,  tumours  by  palpation,  hydro-  and  pyo- 
nephrosis by  retention  in  the  pelvis  of  the  kidney. 
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In  those  cases,  however,  in  which  conservative  opera- 
tions—  not  nephrectomy  —  are  in  question,  a  second 
question  is  put  to  the  surgical  functional  diagnosis,  how 
far  the  destruction  of  the  renal  parenchyma  has  extended, 
whether  an  operation  retaining  the  organ  is  justified, 
or  whether  it  seems  useless  to  save  the  organ  and 
nephrectomy  should  be  performed. 

To  answer  this  question  we  must,  in  cases  of  nephro- 
lithiasis, of  hydronephrosis  and  pyonephrosis,  toke  in 
hand  the  testing  of  the  separate  functions  of  the  kidney  in 
question  before  the  operation.  In  these  cases  every 
kidney  which  is  still  able  to  perform  its  work  of  secretion 
of  water  and  salts  in  a  tolerably  satisfactory  manner, 
must  be  spared  ;  in  cases  of  renal  calculus,  pyelo- 
nephrotomy  or  nephrotomy  must  be  undertaken,  in 
pyelitis,  washing  out  the  pelvis  of  the  kidney. 

Topical  renal  diagnosis  frequently  affords  a  clue  to 
the  degree  of  impairment  of  the  parenchyma.  Un- 
complicated aseptic  pyelolithiasis  will  be  evident  by  the 
lack  of  any  sign  of  functional  deficiency.  The  presence 
of  hydronephrosis  without  a  considerable  degree  of 
atrophy  of  the  renal  parenchyma  due  to  the  pressure 
will  be  characterized  by  permanent  polyuria  and  hypos- 
thenuria as  a  sign  of  the  incompetency  of  the  medullary 
substance  with  properly  maintained  functions  of  the 
cortex  (water  and  salt  diuresis). 

If  catheterization  of  the  ureters  shows  that  there  is 
retention  in  the  pelvis  and  a  definite  impairment  of  the 
secretion  of  water  and  salts  by  the  parenchyma,  we  shall 
rightly  conclude  that  there  is  a  considerable  reduction  of 
the  cortical  and  medullary  substance  resulting  from  the 
atrophy  following  the  pressure  (cystic  kidney). 

Differential  diagnosis  between  pyelitis  and  pyelo- 
nephritis will  be  assisted  by  the  topical  renal  diagnosis.     If 
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there  are  no  alterations  whatever  from  the  normal  results 
of  the  tests,  simple  pyelitis  maybe  assumed.  Albuminuria 
with  constant  polyuria  and  pyuria  will  prove  incompetency 
of  the  reabsorptive  function  or  of  the  medullary  sub- 
stance as  we  see  in  cases  of  chronic  pyelonephritis. 
Here  the  indigo-carmine  test  usually  gives  an  approxi- 
mately normal  result.  Foci  in  the  cortex,  multiple 
abscesses  in  the  latter,  degeneration  of  the  cortical 
parenchyma,  adhesion  of  the  capsule  are  manifested  by 
delayed  excretion  of  indigo-carmine,  and  a  negative 
result  in   experimental   polyuria. 

E.— THE  SIGNIFICANCE  OF  FUNCTIONAL  DIA- 
GNOSIS IN  THE  SURGICAL  AND  MEDICAL 
TREATMENT  OF  RENAL  DISEASES. 

We  have  already  shown  that  in  many  cases  of  renal 
disease,  clinical  examination  of  the  urine  is  inadequate 
to  recognize  correctly  the  nature,  extent  and  prognosis 
of  the  complaint. 

It  has  also  been  stated  that  we  owe  valuable  con- 
clusions in  the  sense  of  an  anatomical  diagnosis  to  the 
chemical,  microscopical  and  bacteriological  examination 
of  the  urine,  but  that  in  other  cases  these  methods  leave 
us  entirely  in  the  dark. 

The  questions  that  we  have  to  answer  are  these  :  What 
value  is  attached  to  the  modern  methods  of  renal 
examination  for  an  anatomical  and  functional  diagnosis  ? 
Have  the  modern  methods  fulfilled  what  was  promised 
of  them  ? — 

(1)  To  render  possible  the  recognition  of  the  early 
stages  of  medical  and  surgical  affections  of  the  kidneys. 

(2)  To  give  us  a  picture  of  the  effective  work  of  the 
kidneys. 
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(3)  To  afford  a  conclusion  as  to  the  possibility  of 
increased  work,  and  thus  the  prognosis  of  renal  diseases 
as  regards  the  latent  reserve  force  of  the  organ. 

Are  the  new  methods  superior  to  the  old  diagnostic 
methods  or  not  ? 

If  we  first  consider  the  service  rendered  by  functional 
renal  diagnosis  to  surgery,  to  which  it  has  really  been 
directed  from  the  very  beginning,  we  have  to  demand 
from  modern  diagnostic  methods  an  answer  to  the  two 
important  questions  : — 

(1)  When  nephrectomy  is  proposed,  will  the  kidney 
remaining  after  extirpation  of  the  sister-organ  be  able 
to  perform  all  the  functions  of  excretion  of  water  and  salts, 
regulation  of  osmotic  pressure,  functions  of  detoxication 
and  synthesis,  internal  secretion,  so  that  we  shall  not  have 
to  fear  post-operative  renal  incompetency  ? 

(2)  Is  the  share  which  a  kidney  takes  of  the  total 
excretory  function  in  a  case  of  intended  conservative 
operation  (nephrotomy,  pyelotomy)  so  small  that  it 
would  be  better  to  sacrifice  the  organ  as  completely 
unfit  to  perform  its  functions  ;  or  is  its  share  of  the  total 
function  so  considerable  that  the  organ  should  be  spared  ? 

Strictly  speaking,  such  questions  could  only  be  answered 
by  methods  which  would  determine  the  "  maximum 
functional  capacity"  (Israel),  " the  reserve  force  "  (Rosen- 
bach).  It  is  natural  that  we  cannot  apply  such  methods 
to  test  the  maximum  load.  "  It  is  not  a  question  of  to 
what  point  the  working  capacity  of  the  remaining  kidney 
can  be  increased,  but  rather  of  whether  it  is  still  capable 
of  increase  at  all  "  (Volcker). 

Now  if  we  inquire  whether  amongst  the  functional 
methods  we  have  described  there  exists  one  which  will 
measure  the  entire  breadth  of  function  of  a  kidney,  its 
maximum  load,  it  must  unfortunately  be  admitted  that 


THE    SIGNIFICANCE    OF    FUNCTIONAL    DIAGNOSIS        79 

at    present    there   is   no  such  method.      We   have  to   be 
content  with  determining  : — 

(1)  Whether  a  kidney  is  of  normal  function  at  the  time 
of  examination,  i.e.,  whether  it  is  adapted  to  the  ordinary 
demands  as  regards  excretion  of  water,  salts,  and  toxic 
metabolic  products  ;  this  knowledge  is  chiefly  afforded 
by  the  old  methods  of  clinical  examination  with  the 
chemical  and  microscopical  examination  of  the  urine. 

(2)  Whether  it  is  possible  for  the  kidney  under  examina- 
tion to  increase  this  excretory  function  ;  whether  it  is 
able  to  react  in  a  suitable  manner  to  a  secretory  stimulus. 
The  answer  to  this  question  is  afforded  by  the  tests  of 
functional  diagnosis. 

At  present  we  possess  no  method  of  estimating  the 
total  reserve  power  of  the  kidney,  its  absolute  capacity 
to  compensate  the  lack  of  function  caused  by  the  loss  of 
the  other  kidney,  its  power  of  compensatory  hypertrophy. 

But  when  we  have  to  select  from  the  methods  at  our 
disposal  those  most  suitable  to  answer  the  above  ques- 
tions, our  choice  will  naturally  fall  on  the  physiological 
methods — the  testing  of  the  ability  to  secrete  water, 
work  of  absorption,  secretion  of  salts  and  regulation  of 
osmotic  pressure — our  choice  will  fall  on  the  dilution 
and  concentration  tests,  on  cryoscopy  of  the  blood,  and 
on  the  excretion  of  indigo-carmine,  which,  as  we  have 
stated,  is  analogous  to  the  secretion  of  salts. 

We  must  now  discuss  the  significance  of  functional 
diagnosis  in  renal  surgery,  as  applied  to  the  indications 
for  surgical  measures. 

In  dealing  with  this  question  1  usually  divide  up  the 
cases  into  three  sections  :  (1)  The  ideal,  where  decision 
is  easy.  (2)  The  doubtful,  where  decision  is  difficult. 
(3)  Cases  of  nephrolithiasis  and  other  renal  diseases  in 
which  conservative  operations  are  in  question. 
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This  division  of  cases  for  didactic  reasons  may  possibly 
give  the  idea  of  a  too  schematic  treatment  of  these 
important  questions.  I  must  therefore  state  that  in  each 
individual  case  one  must  take  into  account  the  general 
constitution,  the  general  internal  examination,  the  local 
conditions  in  the  kidneys,  and  particularly  the  usual 
chemical  and  microscopical  examination  of  the  urine 
obtained  by  separate  catheterization  of  the  ureters,  before 
any  conclusions  should  be  drawn  as  to  indications  for 
surgical  measures. 

A. — The  first  group,  the  ideal  cases,  concerns  diseases  of 
one  kidney  (tuberculosis,  neoplasma,  pyonephrosis,  &c), 
which  demand  extirpation  of  the  organ,  while  clinical  ex- 
amination of  the  secretion  of  the  other  kidney  shows  com- 
pletely normal  conditions.  The  urine  from  the  latter  is 
clear,  of  normal  colour  and  specific  gravity  and  chemical 
and  microscopical  examination  reveals  no  albumin  or  other 
pathological  constituents.  The  content  of  chlorides,  urea, 
phosphates,  &c,  lies  within  normal  values.  If  we  carry 
out  a  functional  examination,  we  shall  find  that  the 
freezing-point  of  the  blood  is  normal  (about  —0*56°) 
the  indigo-carmine  test  is  followed  by  a  prompt  excretion 
of  the  pigment  in  normal  time,  and  if  an  increased  quantity 
of  fluid  is  consumed  considerable  polyuria  with  low  mole- 
cular concentration  occurs. 

Was  it  necessary,  however,  to  conduct  a  functional 
diagnosis  here  ?  Did  not  the  clinical  examination  of 
the  patient  and  the  chemical  and  microscopical  examina- 
tion of  the  kidney  which  would  remain,  prove  that  the 
latter  must  be  healthy,  i.e.,  capable  of  performing  its 
function  ?  From  the  result  of  these  methods  alone,  we 
gather  that  there  is  no  general  renal  incompetency, 
that  no  disease  of  this  second  kidney  can  exist  when  all 
pathological  conditions  are  absent. 
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We  are  often  even  able  to  recognize  prior  to  operation 
that  the  other  kidney  is  in  a  state  of  compensatory  hyper- 
trophy, and  thus  displays  the  signs  of  maximum  functional 
capacity.  In  cases  where  there  is  a  general,  slow  and 
gradually  progressive  destruction  of  one  kidney  by 
tuberculosis,  neoplasma  or  atrophy  due  to  pressure,  we 
can  assume  that  the  other  kidney,  when  there  are  no 
signs  of  general  renal  incompetency,  is  compensating  the 
lack  of  function  of  the  destroyed  organ.  The  former  is 
then  often  found  to  be  enlarged  on  palpation.  Quantita- 
tive chemical  analysis  of  the  urine  will  show  us  that  this 
kidney  alone  excretes  the  total  amount  of  salts.  Functional 
tests  evidence  an  extreme  susceptibility  to  secretory 
stimulation  ;  indigo-carmine  is  excreted  before  the 
normal  time  (four  to  six  minutes  after  injection),  and 
the  graphical  curve  of  experimental  polyuria  shows  a 
rapid  rise,  a  high  capacity  to  secrete  water  and  a  more 
rapid  fall. 

It  is  hardly  more  than  a  mere  formality  to  apply  the 
methods  of  functional  diagnosis  to  such  "ideal  cases"; 
their  results  only  confirm  what  we  can  at  once  determine 
by  means  of  the  old  clinical  methods.  About  50  per  cent, 
of  all  the  cases  we  have  had  for  diagnosis  were  such  ideal 
cases. 

TYPICAL  OBSERVATIONS  IN  THE  FIRST  GROUP. 

(1)  Hypernephroma  renis  dextri  ;  the  other  kidney 
completely  sound.     Nephrectomy.     Recovery. 

Franz  H.,  aged  64,  for  one  and  half  years  suffering 
from  frequent  passing  of  blood-stained  urine  containing 
large  clots,  pain  in  the  region  of  the  right  kidney. 
Palpation  revealed  a  tumour,  the  size  of  the  fist,  in  the 
right  kidney,  movable  on  respiration,  firm  and  with  a 
nodulated  surface. 
6 
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Varicocele  dextra.  Multiple  naevi  pigmentosi  et 
vasculosi.  Internal  organs  normal.  Blood-pressure 
130. 

Catheterization  of  the  Ureters. 


Right 

Left 

Colour 

Clear,  watery,  pale  straw 

Clear,  amber. 

Specific  gravity 

1008          

1022. 

Reaction 

Slightly  acid         

Acid. 

Albumin 

Highly  +  ,  over  1  per  cent. 

-. 

Quantity  in  10  min.  ... 

II  c.c 

6  c.c. 

Sediment 

Erythrocytes,       epithelial 

Epithelial  cells  from  the 

cells,  no  casts 

ureter  ;  a  few  erythro- 
cytes. 

Indigo-carmine,     o*i6 

Very   slightly  green   after 

Intense  blue  after  6  min. 

grm. 

9  min. 

Notes 

Pressure    on    the    kidney 

Pressure    on  the    kidney 

produced    no    increased 

produced  no  increased 

flow  of  urine 

flow  of  urine. 

Catheter  passed  28  cm.  into 

— 

the  renal  pelvis  ;  no  resi- 

dual urine  but  a  sudden 

flow    of    blood  -  stained 

urine.     Passing  of  a  clot 

(cast    from    renal    pelvis 

and  ureter,  cf.  fig.  6) 

5=  -o'56\ 

Fig.  6.— Blood-clot  in  the  form  of  a  cast  from  the  renal  pelvis  and  ureter. 


Blood-stained  urine,  but  frequently  quite  clear  ;  i\  per 
cent,  albumin;  cystoscopy:  trabeculation  of  the  bladder 
wall,  slight  oedema  of  the  orifice  of  the  right  ureter. 

Diagnosis:    Tumour    (hypernephroma)    of    the    right 
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kidney  with  eruption  into  the  renal  pelvis,  no  hydro- 
nephrosis, remaining  parenchyma  in  good  functional 
condition.     Left  kidney  normal. 

Indication  :  Nephrectomy  of  the  right  kidney. 

Nephrectomy  :  The  preparation  obtained  (fig.  7)  corre- 
sponded entirely  to  what  was  expected.     Recovery. 


Fig.  7. — Hypernephroma  renis  perforans  in  the  renal  pelvis. 

(2)  Tuberculosis  incipiens  renis  sinistri.  Nephrectomy. 
Recovery. 

Wilhelmine  R.,  aged  35,  March  26,  1904. 

Patient  had  always  enjoyed  good  health  until  a  fortnight 
prior  to  examination.  Sudden  commencement^of  severe 
hematuria. 

Condition  :   Internal  organs  normal. 

Cystoscopy  :  Bladder  entirely  normal. 
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Catheterization  of  the  Ureters. 


Colour    ... 

Transparency    ... 

Albumin 

A      (freezing  -  point      of 

urine) 
Excretion  of  sugar  after 

phloridcine 
Sediment 


8     (freezing  -  point     of 
blood)  =  -  0-56°. 


Left 


Highly  blood-stained    ... 

Turbid 

Highly  +  

-i*94° 

25  min.  after  injection  ... 

Leucocytes,  erythrocytes, 
epithelial  cells,  tubercle 
bacilli 


Right 


Dark  amber. 
Clear. 

-2-31°. 

15  min.  after  injection. 

Normal. 


Diagnosis  :  Right  kidney  clinically  and  functionally 
normal.  Left  kidney  :  tuberculosis  without  distinct 
disease  of  the  renal  pelvis  and  ureter  ;  slight  functional 
impairment. 

Indication  :  Nephrectomy  of  the  left  kidney. 

Operation  :  April  2,  1904.  Kidney  of  normal  size  with 
a  few  nodules  in  the  cortex  and  medulla.     Recovery. 

(3)  Pyonephrosis  tuberculosa  dextra.  Compensatory 
hypertrophy  of  the  left  kidney. 

Elisabeth  H.,  aged  25,  May  29,  1908. 

Catarrh  from  the  apices  of  the  lungs  for  three  years. 
Pain  in  the  region  of  the  left  kidney  for  one  month. 
Fever  and  frequent  painful  dysuria. 

Present  condition  :  Old  fibrosis  of  both  pulmonary 
apices.  Left  kidney  palpable  ;  right  kidney  :  large,  firm, 
painful  tumour.     Goitre.     Anaemia. 

Urine  :  Turbid,  dark  amber,  albumin,  specific  gravity 
1033  ;  sediment  contained  many  erythrocytes  and 
leucocytes. 

Cystoscopy :  Ulcer  with  sharp,  reddened  edges  and 
many  nodules  at  the  orifice  of  the  right  ureter. 
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Catheterization  of  the  Ureters. 


Right 

Left 

Colour 

Greenish 

Straw. 

Transparency    ... 

Turbid  and  milky 

Clear. 

Reaction 

Acid        

Acid. 

Specific  gravity... 

1009        

1029. 

Albumin 

+  +  + 

Very  slight  traces. 

Quantity  in  10  min 

40  c.c.   of   purulent    resi- 
dual  urine    after    over- 
coming stenosis  ureteris 
4  c.c.  behind  the  orifice 

12  c.c. 

Sediment 

Pus,      blood,       tubercle 
bacilli 

Nil. 

no     excretion     of     the 
pigment 
30  min.    after    injection, 

urine  distinctly  blue. 

Excretion  of  sugar 

after 

10—15  min.  after  injec- 

phloridcine 

no  sugar 

tion,  sugar  +. 

Quantitative  estimation 

Nil         

1*7  per  cent. 

8  =  -o-55°. 

Diagnosis :  Right :  Tuberculosis  renis  et  ureteris, 
stenosis  ureteris  ;  pyonephrosis  et  pyoureter.  Left :  Urine 
clinically  normal ;  compensatory  hypertrophy  (accelerated 
excretion  of  pigment  and  secretion  of  sugar). 

Nephrectomy  performed  June  r6,  1908.  Recovery. 
Preparation  illustrated  in  fig.  8. 

(4)  Tubercular  cavities  in  the  left  kidney;  remaining 
renal  tissue  healthy.     Nephrectomy.     Recovery. 

Frau  F.  E.,  aged  28,  June,  191 2. 

Pain  in  the  region  of  the  left  kidney  for  several  months, 
with  frequent  febrile  attacks  ;  no  cystic  symptoms. 

Condition:  Internal  organs  healthy  ;  left  kidney  clearly 
palpable,  enlarged  and  painful. 

Urine:  Somewhat  turbid,  containing  traces  of  albumin 
and  tubercle  bacilli,  pus  cells  and  blood  corpuscles  in 
the  sediment. 

Cystoscopy  :  Normal  bladder ;  slight  oedema  of  the 
orifice  of  the  left  ureter. 
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Catheterization  of  the  Ureters. 


Right 

Lert 

Colour 

Dark  yellow 

Stiaw. 

Transparency 

Clear 

Almost  clear. 

A           

-  1-94°     .- 

-r8o°. 

Specific  gravity 

1024 

1020. 

Reaction 

Acid 

Acid. 

Albumin 

- 

Distinctly  +. 

Sediment        

Epithelial   cells 

from 

the 

Epithelial  cells.      A  few 

ureter.     No  leucocytes 

leucocytes.       Tubercle 

bacilli  veiy  scanty. 

Excretion   of    indigo- 

After    9    min. 

distinctly 

After   11   min.  distinctly 

carmine 

blue 

green. 

Note 

On  pushing  the  catheter 
into    the    renal    pelvis 
and    exerting    pressure 
on  the  kidney  a  table- 
spoonful  of  caseous  pus 
and    40    c.c.    residual 
urine      was      obtained 
through  the  catheter. 

5=  -o-55°. 

Diagnosis  :  Tubercular  cavities  in  the  left  kidney  with 
intermittent  communication  with  the  pelvis.  The  rest  of 
the  parenchyma  healthy ;  tubercular  hydronephrosis. 
Right  kidney  completely  normal. 

Indication:  Nephrectomy. 

Operation  :  Confirmed  the  conclusions  obtained  from 
the  functional  tests.     Preparation,  cf.  fig.  9. 

B. — We  must  now  turn  to  the  second  group,  the 
doubtful  cases,  where  decision  is  difficult  and  in  which  we 
can  dispense  with  clinical  examination  and  analysis  of 
the  urine  of  the  second  kidney,  as  we  know  that  this  too 
is  more  or  less  seriously  affected. 

As  an  example  we  may  quote  the  often  observed  case 
where  there  is  renal  tuberculosis  on  one  side  while  on 
the  other,  the  presence  of  albumin  and  casts  in  the  urine 
shows  that  this  organ  is  also  diseased. 
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Fig.  8. — Total  destruction  of  a  tubercular  kidney. 


Fig.  9. — Solitary  cavities  in  the  kidney.     Dilatation  of  the  renal  pelvis. 
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In  such  a  case  the  following  question  must  be  answered 
before  performing  nephrectomy :  is  the  disease  in  the 
second  kidney  a  toxic  degenerative  affection  of  the 
tubular  epithelium  caused  by  the  circulation  of  the 
toxins  of  the  tubercle  bacillus,  as  is  so  often  observed 
in  unilateral  tuberculosis  ;  or  is  it  a  question  of  deep- 
seated  inflammatory  processes — also  frequently  observed 
— the  development  of  unilateral  tuberculosis  in  chronic 
Bright's  disease  ? 

It  is  at  once  clear  that  this  question  as  applied  to  the 
indications  for  nephrectomy  is  very  difficult  to  answer. 
In  the  first  case,  if  the  degenerative  processes  have  not 
advanced  too  far,  nephrectomy  will  certainly  not  be 
followed  by  renal  incompetency  ;  on  the  contrary,  the 
symptoms  of  toxic  nephritis  will  quickly  disappear  after 
the  extirpation  of  the  tubercular  organ.  But  if  it  is 
decided  to  perform  nephrectomy  in  the  case  of  chronic 
nephritis,  it  would  be  much  to  be  feared  that  the  other 
kidney  would  not  be  adapted  to  the  severe  strain  of  the 
operation  (narcosis,  &c),  and  to  the  increased  load  result- 
ing from  the  removal  of  its  sister-organ  ;  and  renal 
incompetency  would  be  the  certain  result  if  the  opera- 
tion were  performed.  Methods  able  to  supply  an  answer 
to  these  questions  are  an  urgent  postulate  for  renal 
surgery  in  such  cases.  But  here  again  we  must  repeat 
that  none  of  our  methods  allow  an  exact  measurement 
of  the  latent  renal  work,  the  reserve  force,  the  maximum 
functional  capacity.  Unfortunately  in  these  important 
cases  we  have  to  be  satisfied  with  testing  the  manifest 
renal  work  and  the  possibility  of  its  increase  and,  in 
combination  with  the  older  clinical  methods  of  proving 
renal  incompetency,  make  a  strictly  individual  examination 
of  the  indications  and  contra-indications  for  nephrectomy 
in  each  separate  case. 
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The  course  of  our  examination  will  be  as  follows : 
we  shall  first  answer  the  question  whether  from  the 
clinical  examination — history  of  the  case,  inspection 
(oedema),  condition  of  the  heart  (hypertrophy  of  the 
left  ventricle),  blood-pressure — we  can  obtain  proof  that 
it  is  a  case  of  chronic  nephritis.  This  diagnosis  will,  as  a 
rule,  present  no  difficulty.  It  goes  without  saying  that  in 
these  cases  in  which  renal  incompetency  is  shown  clini- 
cally (oedema,  uraemia,  &c),  nephrectomy  is  strictly 
contra-indicated. 

If,  however,  we  can  exclude  this  disease,  we  must  then 
ask  whether  the  degenerative  changes  in  the  second 
kidney  are  so  extensive  that  they  must  be  regarded  as 
irreparable  or  might  even  lead  to  complete  cessation  of 
function  after  removal  of  the  other  kidney.  Now  it  is 
here  that  we  can  recognize  the  great  value  of  functional 
diagnosis,  for  it  is  just  in  these  cases  that  we  must  try  to 
test  each  separate  function  of  each  separate  kidney.  We 
shall  test  the  capacity  of  the  kidneys  for  regulation  of  the 
osmotic  pressure  by  estimating  the  freezing-point  of  the 
blood  and  comparing  it  with  that  of  the  urine,  the 
possibility  of  increased  secretion  of  water  by  the 
dilution  test  and  secretion  of  salts  by  the  indigo-carmine 
test. 

We  shall  naturally  forbear  from  giving  any  fixed 
scheme  to  guide  us  in  our  indications.  In  each  case 
we  must  consider,  from  a  strict  physiological  point  of 
view,  how  the  kidney  is  working ;  we  test  the  competency 
of  the  glomerular  apparatus  and  the  tubular  epithelium 
and  then  try  to  answer  the  question  how  severe  the  lesion 
of  the  second  kidney  is  and  whether  an  albuminuria  is 
to  be  taken  as  a  more  or  less  harmless  symptom,  in  which 
case  we  know  that  the  toxic  degenerative  processes  in 
the  "  other "  kidney  usually  disappear  sooner  or  later 
after  removal  of  the  tubercular  organ. 
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But  if  the  tests  of  our  functional  diagnostic  methods 
show  that  the  organ  in  a  state  of  toxic  disease  is  not 
adapted  to  the  slightest  increased  demand  which  our 
methods  apply  to  it,  nephrectomy,  unless  there  are 
absolutely  vital  indications,  must  be  refused. 

Considerable  delay  in  the  excretion  of  pigments,  perhaps 
thirty  to  forty  minutes  after  injection,  and  very  low 
intensity  of  the  same,  non-appearance  of  experimental 
polyuria,  increased  molecular  concentration  of  the  blood 
(up  to  8  =  -  o'6o  and  more)  must  be  regarded  as  contra- 
indications to  nephrectomy. 

If,  however,  considerable  retention  of  pus  in  the 
kidney  (pyonephrosis  tuberculosa),  high  fever  and  general 
cachexia  form  a  pressing  indication  for  surgical  interven- 
tion, drainage  of  the  pus  can  be  obtained  by  nephrotomy  ; 
and  if  in  the  meantime  the  other  kidney,  as  we 
have  frequently  observed,  has  recovered,  as  can  be 
proved  by  our  functional  diagnostic  methods,  secondary 
nephrectomy  would  come  into  consideration. 

We  must  briefly  mention  those  cases  in  which  we 
are  compelled  to  conduct  functional  diagnosis  without 
catheterization  of  the  ureters. 

We  refer  to  the  cases  in  which  there  is  a  technical 
impossibility  of  conducting  the  catheterization  lege  artis. 
If  the  renal  tuberculosis  has,  in  spreading  downwards, 
affected  the  ureter  and  mucous  membrane  of  the  bladder 
to  a  considerable  extent,  the  capacity  of  the  bladder  has 
sometimes  suffered  so  much  that  we  can  inject  at  the 
most  10  to  15  c.c.  of  irrigatory  fluid.  Even  under  deep 
chloroform  narcosis,  the  capacity  of  the  bladder  does 
not  increase.  It  is  the  same  with  quite  small  children 
and  boys  under  10  years  of  age,  in  which  cases  even  the 
smallest  ureteral  cystoscope  cannot  be  introduced,  and 
a  functional  test  of  the  kidneys  must  be  conducted 
without  catheterization. 
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In  such  cases  we  are  limited  to  the  judgment  of  the 
renal  function  as  a  whole.  By  cryoscopy  we  ascertain 
the  value  of  8,  we  examine  the  excretion  of  pigments 
by  introducing  a  catheter  into  the  bladder  and  in  the 
same  way  the  power  of  dilution  of  the  kidneys.  This 
procedure  is  infinitely  preferable  to  operative  measures 
(exposure  of  the  kidney,  a  test  incision,  temporary 
ligature  of  the  ureter  according  to  Vogel  and  Casper) 
for  obtaining  information  as  to  the  total  work  of  the 
kidney ;  for  by  the  former  methods,  if  an  unfavour- 
able judgment  of  the  total  renal  function  is  obtained, 
surgical  measures  are  excluded  a  priori. 


EXAMPLES   OF   THE   SECOND   GROUP. 

(1)  Pyonephrosis  dextra,  nephritis  toxica  sinistra. 

Alfred  H.,  medical  student,  January  18,  19 10.  The 
patient  had  noticed  for  the  last  three  weeks  that  the 
urine  was  turbid  and  had  often  suffered  from  tenesmus 
and  pain  on  micturition,  loss  of  weight  and  evening 
rise  of  temperature. 

Present  condition  :  A  cachectic  individual,  normal 
temperatures  when  examined,  no  pathological  condition 
of  lungs  or  heart.  Urine  turbid,  purulent,  albumin  + 
4  per  cent.,  tubercle  and  Bacilli  coli  in  sediment. 

Cystoscopy  :  Right  ureteral  orifice  widely  open,  lying 
in  an  ulcer,  elevation  of  the  ureter  cedematous. 

Diagnosis  :  Left :  Parenchymatous  degeneration  of  the 
kidney  with  satisfactory  secretion  of  salts  and  water 
(nephritis  toxica).  Right:  Hydropyonephrosis  tubercu- 
losa, stenosis  ureteris. 

Indication  :  Nephroureterectomia  dextra. 

Operation  :    January    21,    19 10.       Preparation    showed 


Catheterization  of  the  Ureters. 


Right 

Left 

Colour  ... 

Colourless  as  water 

Dark  yellow,  concen- 
trated. 

Transparency  ... 

Slightly  turbid     

Clear. 

Reaction 

Acid           

Acid. 

Specific  gravity 

1009           

1024. 

Albumin 

+  +           

Distinctly  -f ,  Esbach 
1  per  cent. 

Quantity  in  15  min.    ... 

60  c.c 

12  c.c. 

Sediment 

Pus,  blood,  tubercle  bacilli 

Epithelium  ,erythrocytes, 
granular  and  hyaline 
casts. 

Notes 

After  overcoming  an    ob- 
stacle  15    cm.  from   the 
orificium    ureteris    vesi- 
cale,  a  large  quantity  of 
pus  and  urine  came  away 
in  a  jet 

Indigo-carmine :     com- 

After 15  min.  indistinctly 

8J  min.  after  injection. 

mencement  of  excre- 

blue 

tion 

Experimental    polyuria 

In  20  min.,  18  c.c 

In  20  min.,  42  c.c. 

after  consumption  of 

half      litre      mineral 

water ;     quantity 

, 

twenty-five     minutes 

later 

5=  -0-56°. 

Fig.  10. — Total  destruction  of  the  kidney  by  tuberculosis  with  cavities. 
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dilatation  of  renal  pelvis  and  ureter,  surrounded  by 
pyogenous  membranes  (cf.  fig.  10). 

Recovery  :  Disappearance  of  nephritis  toxica. 

(2)  Pyonephrosis  tuberculosa  dextra  ;  nephritis  toxica 
gravis  renis  sinistra  ;  nephrotomia  et  nephrectomia 
secundaria. 

Maria  Sch.,  aged  32,  August  20,  1901.  Pain  in  the 
region  of  the  right  kidney  for  the  last  eight  months  and 
a  tumour  discovered  on  palpation.  Pleuritis  sinistra  six 
months  previously,  loss  of  weight,  fever  and  cachexia. 

Present  condition  :  Remains  of  old  inflammation  in 
both  pulmonary  apices  and  in  left  lower  lobe.  Right 
kidney  palpable  and  very  painful.     High  fever. 

Cystoscopy  :  Mucous  membrane  of  bladder  and  both 
ureteral  orifices   normal. 


Catheterization  of  the  Ureters  (August  26,  1901). 


Right 

Left 

Colour  ... 

Yellowish... 

Amber. 

Transparency  ... 
Reaction 

Turbid 

Acid           

Clear. 
Acid. 

Albumin 
Sediment 

07  per  cent 

Pus,    blood   and    tubercle 

0-3  per  cent. 

Renal    epithelium,    hya- 

bacilli 

line  and  granular  casts, 
erythrocytes  and  leuco- 

A 

-1*20°      

cytes. 
-i-56°.   > 

Excretion  of  sugar  after 
phloridcine 

25 — 30    min.    after    injec- 
tion,   very  slight  traces 

25 — 30  min.  after  injec- 
tion,   o#6  per  cent,  of 

of  sugar 

sugar. 

Methylene    blue 

(0*02 

Delayed  and  only  in  traces 

Prompt  excretion. 

grm.) 

Diagnosis  :  Left  :  Parenchymatous  degeneration  of  the 
kidney  (nephritis  toxica  gravis).  Right  :  Pyonephrosis 
tuberculosa. 

Indication  :  Nephrotomia  dextra,  owing  to  the  high 
fever  (always  over  102 "2°  F.). 
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First  operation  :    Nephrotomy,  removal  of  large  quan- 
tities of  pus,  renal  pelvis  washed  out  with  silver  nitrate. 

Later  Catheterization  of  the  Ureters  (April  10,   1902). 


Right 

Left 

Colour    ... 

Pale  straw 

Amber. 

Transparency    ... 
Reaction 

Purulent,  turbid 
Alkaline 

Clear. 
Acid. 

Albumin 

+  +       

Traces. 

Specific  gravity... 
A            

1009      

-078°             

1025. 
-i-86°. 

Excretion  of  sugar  after 
phloridcine 

Methylene   blue  :    com- 
mencement of  excretion 

45  min.  after  injection, 

sugar  -f- 
3  hours  after  injection, 

traces  of  blue 

15  min.  after  injection, 
sugar  +. 

Blue  20  min.  after  in- 
jection. 

Diagnosis  :  The  left  kidney  recovered  very  well  after 
nephrotomy  (excretion  of  salts,  specific  gravity  and  A 
satisfactory)  ;  slight  signs  of  nephritis.  Right  pyo- 
nephrosis  tuberculosa. 

Indication:  Secondary  nephrectomy. 

(3)  Tuberculosis  renis  utriusque  incipiens. 

Hans  H.,  aged  21,  April  25,  1906.  Disease  com- 
menced a  month  previously  with  painful  micturition, 
turbid  urine  and   frequent  tenesmus. 

Present  condition  :  Patient  of  large  proportions  and 
well  nourished.  Internal  organs  healthy.  Urine  turbid, 
acid,  1026  ;  erythrocytes,  leucocytes  and  tubercle  bacilli 
in  sediment.  Left  lateral  lobe  of  prostate  and  left 
seminal   vesicle    infiltrated. 

Cystoscopy  :  Severe  swelling  of  the  mucous  membrane 
at  the  summit,  in  many  places  covered  by  shreds  ;  a  few 
flat  ulcers  and  many  nodules  at  both  orifices  of  the 
ureters,  some  ulcerated. 

Diagnosis  :  Bilateral  tuberculosis  of  the  kidney,  of  the 
renal  pelvis  and  ureter  without  any  considerable  impair- 
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ment  of   function.     Miliary   form     of    urogenital    tuber- 
culosis. 

Indication  :    Tuberculin    treatment.      Patient   died   of 
tubercular  meningitis  a  year  later. 

Catheterization  of  the  Ureters. 


Right 

Left 

Colour     ... 

Straw 

Straw. 

Transparency     .... 

Clear  with  some  flocks 

Clear,  with  small  shreds 
and  flocks. 

Albumin  .. 

+  +  (over  1  per  cent.) 

+  (over  1  per  cent.). 

Quantity  in  10  min. 

6  c.c. 

8  c.c. 

Sediment            

Epithelium,    leucocytes, 

Epithelium,  pus,  erytho- 

erythrocytes,      hyaline 

cytes,    granular     casts, 

casts     and     abundant 

a  bu  ndan  t  tubercle 

tubercle  bacilli 

bacilli. 

Excretion  of  sugar  after 

Sugar   +  ,    10 — 15    min. 

Sugar   +,    10  — 15    min. 

phloridcine  injection 

after  injection 

after  injection. 

Indigo  -  carmine      (0*16 

Light  blue  after  7  min. 

Light  blue  after  10  min. 

grm.) 

5  =  -  0570. 

(4)  Nephritis  chronica  bilateralis;  "  glaucoma"  renis 
sinistri,    decapsulatio. 

Maria  N.,  aged  24,  May  7,  191 2.  Measles  and  typhoid 
were  contracted  in  childhood ;  catarrh  of  both  pul- 
monary apices,  night  sweats  and  sudden  attacks  of  pain 
in  the  left  kidney  for  last  four  years.  Patient  was  stated 
to  have  had  oedema  of  the  lower  limbs  at  an  earlier  date  ; 
she  had  been  bedridden  for  one  and  a  half  years  when 
seen. 

Present  condition  :  Very  feeble,  with  induration  of 
the  left  pulmonary  apex.  Hypertrophy  of  the  left  ven- 
tricle. Blood-pressure  140.  No  oedema.  Great  pain 
was  felt  on  pressure  being  applied  to  the  descended  left 
kidney.  Patient  was  unfit  to  work  owing  to  the  attacks 
of  pain. 

Urine  :     Slightly    turbid,    albumin    +     (1    pro    mille, 
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Esbach)  ;    hyaline  and  granular   casts   in    the  sediment. 
No  tubercle  bacilli   (animal  experiment  negative). 

Catheterization  of  the  Ureters. 


Right 

Left 

Colour  ... 

Dark  straw 

Straw. 

Transparency  ... 

Clear 

Slightly  turbid. 

Specific  gravity 

1014           

IOIO. 

Reaction           

Acid           

Acid. 

Albumin 

Distinct  traces 

+  (more  than  on  right 
side). 

Quantity  in  10  min.    ... 

14  c.c 

12  c.c. 

Sediment          

Epithelium,  erythrocytes 

Leucocytes,    epithelium, 

and  a  few  hyaline  casts 

erythrocytes,  hyaline 
and  granular  casts. 

Notes 

No  residual  urine  in  renal 
pelvis  ;  typical  renal 
pain  was  produced  by 
injecting  10  c.c.  fluid. 

Indigo-carmine       (o-i6 

Light  blue  after  9  min.  ... 

Light  blue  after  10  min. 

grm.) 

Patient  continued  to 
excrete  the  pigment 
for  45  hours. 

Consumption     of     half 

No  increase  of  diuresis    ... 

No  increase  of  diuresis. 

litre  mineral  water 

Diagnosis  :  Bilateral  slight  nephritis  interstitialis. 
Intrarenal  capsular  tension  in  the  left  ren  mobilis. 

Indication  :  Decapsulatio  renis,  nephropexie. 

Operation  :  June  7,  191 2.  Extirpation  of  the  left 
renal  capsule,  which  was  entirely  and  closely  adherent 
to  the  cortex.  Nephropexy  of  the  decapsulated  left 
kidney.     Test  excision. 

Histological  report  (Professor  Albrecht)  :  Chronic 
glomerulitis  with  atrophy  of  some  glomeruli. 

C. — With  regard  to  the  third  group,  cases  in  which 
conservative  surgical  measures  come  into  consideration, 
we  shall  be  brief,  as  it  does  not  belong  to  the  province 
of  functional  diagnosis  alone  to  describe  the  indications 
for  nephro-,   pyelo-,  and  nephrectomy. 
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Here  the  chief  question  is  that  of  the  indications  in 
cases  of  nephrolithiasis. 

We  will  only  state  in  outline  that  with  the  help  of 
functional  diagnosis  combined  with  clinical  examina- 
tion and  radiography  we  have  to  decide  which  method 
of  renal  operation  should  be  performed,  and  in  bilateral 
nephrolithiasis,  which  of  the  two  kidneys  shall  be 
operated  upon  first. 

If  the  function  of  the  kidney  containing  the  calculus 
is  shown  clinically  to  be  in  perfect  condition,  the 
parenchyma  of  the  diseased  organ  must  be  spared  as 
far  as  possible  and  the  most  conservative  measure, 
pyelotomy,  be  considered  ;  if  the  function  has  suffered 
slight  impairment,  nephro-  or  pyelotomy.  But  if  our 
clinical  and  functional  examination  shows  that  the  dis- 
eased kidney  no  longer  performs  any  function  for  the 
organism,  nephrectomy  will  be  chosen.  In  the  latter 
case,  our  diagnostic  methods  will  often  show  that  the 
diseased  organ  produces  neither  urea,  chlorides  nor 
phosphates  in  any  quantity  to  speak  of,  and  the  urine 
is  a  purulent  and  albuminous  fluid.  The  renal  function 
shows  no  ability  to  increase  either  as  regards  the 
secretion  of  water  or  the  elimination  of  salts.  Such 
a  kidney,  which  not  only  is  of  no  further  use  to  the 
organism  but  is  also  a  standing  danger,  must  be  re- 
moved, and  nephrectomy  must  be  performed. 

In  bilateral  nephrolithiasis,  the  indication  as  to  wThich 
kidney  shall  first  be  operated  on  will  be  obtained  from 
consideration  of  the  results  of  the  functional  tests  and 
radiography.  We  will  not  go  into  details  here.  In 
general  we  can  state  that  our  experiences  have  shown  that 
the  kidney  with  the  worst  functional  condition  and  smaller 
calculi  should  be  operated  on  first.  Nephrectomy  must 
under  all  circumstances  be  avoided. 
7 
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EXAMPLES  OF  THE  THIRD  GROUP. 

(r)  Aseptic  unilateral  nephrolithiasis. 

Isak  G.  L.,  aged  47,  July  10,  191 2. 

Patient  reported  pain  in  the  region  of  the  right  kidney 
in  sudden  attacks  since  the  age  of  eight.  No  haemorrhage 
or  passing  of  calculi. 

Present  condition  :  Slight  and  delicate,  with  completely 
healthy  organs. 

Urine  :  Clear,  amphoteric,  albumin  in  very  small  traces  ; 
erythrocytes  and  a  few  leucocytes  in  the  sediment. 

Cystoscopy  :  Slight  hypertrophy  of  the  middle  lobe  of 
the  prostate.     Trabeculation  of  the  bladder  wall. 

Catheterization  of  the  Ureters. 


Right 

Left 

Transparency 

Clear 

Clear. 

Colour 

Amber 

Amber. 

Reaction 

Amphoteric 

Amphoteric. 

Specific  gravity 

1019           

1018. 

Quantity  in   io  min. 

7  c.c 

7  c.c. 

Sediment     

Erythrocytes,    epithelium, 

Epithelium     and    erythro- 

calcium oxalate  crystals 

cytes. 

Indigo-carmine  (o#i6 

Light  blue  after  5^  min. 

Light  blue  after  5^  min. 

grm.) 

Duration  of  excretion 

— 

24  hours. 

Notes           

No  residuum  in  renal  pelvis 

No  residuum  in  renal  pelvis. 

Radiography  :  Stone  shadows  the  size  of  a  farthing 
over  the  right  renal  pelvis. 

Indication  :  Pyelotomia  dextra. 

Operation  :  July  14,  191 2.  Incision  of  the  renal  pelvis, 
extraction  of  a  black  oxalate  calculus  the  size  of  a  three- 
penny bit.  Test  excision  from  the  kidney ;  histological 
diagnosis  :  normal  renal  tissue. 

Reactionless  healing  by  first  intention. 
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(2)   Infected  unilateral  nephrolithiasis. 

S.  S.,  male,  aged  30,  June  8,  1905. 

Repeated  attacks  of  renal  colic  on  the  right  side  with 
rigors  since  childhood. 

Condition:  Patient  slender  and  thin.  A  painful  fluctu- 
ating tumour  extending  three  ringers'  breadth  above  the 
lower  border  of  the  ribs. 


Fig.  11. — Large  calculus  in  the  right  renal  pelvis. 


Urine :   1400  c.c.    in    twenty-four    hours,   straw,    very 
urbid,  specific  gravity    1018,  reaction   neutral,  traces  of 
albumin  ;  purulent  sediment  with  a  few  erythrocytes  and 
triple  phosphate  crystals. 
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Cystoscopy  :  Normal  mucous  membrane  ;  pus  flowed 
from  orifice  of  the  right  ureter  on  exerting  pressure  on  the 
tumour. 

Catheterization  of  the  Ureters. 


Right 


Left 


Colour    ... 
Transparency 
Albumin 
Sediment 


Excretion  of  sugar  after 
injection  of  phloridcine 
Quantity  in  20  minutes 

5=  -0-56°        

Radiography      


Pale  straw 

Very  turbid 

Highly  +  (1  per  cent.). 

Leucocytes,  erythro- 
cytes, triple  phosphate 
crystals 

Sugar  +,  20  min.  after 
injection 

15  c.c 

Calculus  in  the  renal 
pelvis  {cf.  fig.  11). 


Amber. 
Clear. 

A   few   erythrocytes    and 
leucocytes. 


Sugar   +,   15    min. 

injection. 
13  c.c. 


ifter 


Diagnosis :  Calculus  in  right  infected  kidney,  with 
almost  normal  function  ;  left,  normal  kidney. 

Indication  :  Nephrolithotomia  dextra  and  drainage  of 
the  renal  pelvis. 

July  20,  1905,  operation  :  Nephrotomy,  extraction  of 
a  few  cubic  centimetres  of  purulent  urine  from  the 
dilated  pelvis,  removal  of  the  calculus,  drainage  and 
washing-out  of  the  pelvis.     Recovery. 

(3)   Hydropyonephrosis  calculosa  sinistra. 

Edward  B.,  male,  aged  43,  December  20,  1902. 

Gonorrhoea  twenty-six  years  previously.  Frequent 
tenesmus  for  last  two  years;  pain  in  the  left  lumbar 
region. 

Present  condition  :  Internal  organs  normal,  kidneys 
not  palpable. 

Urine  :  1600  c.c.  in  twenty-four  hours,  pale  straw, 
turbid,  slightly  acid,  specific  gravity  ion,  albumin  07 
per  cent.,  purulent  sediment. 
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Radiography  :  Right,  negative  ;  left,  six  calculus 
shadows  at  a  relatively  large  distance  apart,  one  of  these 
rather  larger  and  denser,  the  shape  of  a  date.  The  remain- 
ing five  the  size  of  beans.     (Cf.  figs.  12  and  13.) 


Figs.  12  and  13. — Multiple  calculus  shadows  in  a  pyonephrotic  cystic  kidney. 


Diagnosis  :  Left,  a  pyonephrotic  pouch  (stone  shadows 
at  some  distance  from  each  other,  large  residuum,  remains 
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of  parenchyma  functionless)  ;  right,  normal  kidney  (with 
reflex  polyuria). 

Indication  :  Nephrectomia  sinistra.     Recovery. 


Catheterization  of  the  Ureters. 


Right 

Left 

Transparency  

Clear 

Turbid  with  pus. 

Colour  ... 

Straw 

Greenish. 

Specific  gravity 

1018           

1007. 

A           

-   1-44° 

-0-40°. 

Quantity  in  ioo  minutes 

126  c.c 

56  c.c. 

Sediment         .„ 

Epithelium,     erythrocytes 

/Sugar  +  ,  15  min.  after] 
injection  o*  1  per  cent.  ( 

Pus  cells,  Bacilli  coli, 
epithelium,   crystals. 

Excretion  of  sugar  after 

Slight      reaction      after 

injection  of  phloridcine 

1  Sugar  +,  30  min.  after  [ 
(     injection  1  per  cent.     ' 

30   min. 

Methylene    blue    (o'02 
grm.) 

[Blue  after  11  min.            ] 
-  Intense    blue    after    26  [• 
(      min.                                 j 

Light  blue  after  26  min. 

Note     

80  c.c.  residual  urine 
in    renal    pelvis. 

5  =  -0-55° 

(4)  Nephrolithiasis  bilateralis — nephrolithotomia  renis 
utriusque. 

Buca  L.,  aged  13,  October  30,  1905. 

Pain  in  the  region  of  the  right  kidney  for  five  years- 
An  attack  of  pain  a  week  ago,  followed  by  thirteen  hours' 
anuria  and  passing  of  a  calculus  the  size  of  a  bean. 

Present  condition  :  Slight,  anaemic  girl  ;  temperature 
and  internal  organs  normal;  kidneys  non-palpable. 
Urine  :  800-1,000  c.c.  in  twenty-four  hours,  straw,  turbid  ; 
specific  gravity  1020,  traces  of  albumin  ;  sediment:  pus, 
erythrocytes,  micro-organisms. 

Rontgen  examination  :  A  shadow  on  each  side  the  size 
of  a  bean. 

Cystoscopy  :  Diffused  cystitis. 

Diagnosis  :  Bilateral  infected  renal  calculus.  Right, 
relatively  sound  function  ;  left,  pyonephrotic  cyst. 
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Catheterization  of  the  Ureters. 


Right 

Left 

Quantity  in  10  min. 
Colour 

5  c.c.     ... 
Almost  colourless 

16  c.c. 

Colourless  with  flocks. 

Transparency    ... 
Albumin 

Clear  with  flocks 

In  traces           

Almost  clear. 
Distinct  traces. 

Sediment 

Epithelium,  leucocytes, 
erythrocytes,       micro- 

Epithelium,     leucocytes, 
erythrocytes,      micro 

Excretion  of  sugar  after 
phloridcine  injection 

organisms 
20  min.  after  injection, 
sugar  + 

organisms. 
40    min.   after    injection, 

sugar  — . 
32  c.c.  residual  urine   in 

the  renal  pelvis. 

Indication  :  First  nephrotomy  (left)  in  the  hope  that 
after  the  operation  the  left  kidney  will  so  far  recover  that 
an  incision  into  the  right  kidney  can  be  made  later. 

Operation,  November  8,  1905  :  Nephrotomia  sinistra. 
Extraction  of  the  calculus  from  the  pyonephrotic,  dis- 
tended pelvis.  June  20,  1906  :  Nephrotomia  dextra. 
Kidney  in  a  state  of  compensatory  hypertrophy. 
Recovery  from  the  operation. 

To  illustrate  the  difficulties  in  the  way  of  the  indications 
for  treatment,  we  append  another  example  from  our  own 
case-sheets. 

(5)  Frau  Kathe  Z.,  aged  31,  June  25,  1908. 

Commencement  of  symptoms  six  years  previously 
with  severe  tenesmus  and  turbidity  of  the  urine.  Urine 
was  frequently  blood-stained.  Renal  colic  on  both  sides 
at  frequent  intervals. 

Present  condition  :  Patient  strong  and  of  medium 
height ;  internal  organs  normal  ;  urine  slightly  turbid, 
and  albumin  ^  per  cent.  ;  sediment :  pus  cells  and 
erythrocytes. 

Cystoscopy  :  Cystitis  haemorrhagica  et  ulcerosa  in 
the  left  half  of  the  fundus  of  the  bladder.  CEdema  of 
the  left  ureter. 
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Catheterization  of  the  Ureters. 


Right 


Left 


Radiography 


Urine      

Specific  gravity... 

A  

Sediment 

Indigo-carmine 
Experimental  polyuria. 
5=  -0'56°. 


Calculus   the  size   of  a    Negative 

date    in    right     renal  j 

pelvis 
Clear,  amber    ... 


1023      

-i'94° 

Erythrocytes,  epithelial 

cells 
After  8  minutes 
+  


Turbid,  milky,  greenish- 
yellow. 

1008. 

-0780. 

Pus,  erythrocytes,  tubercle 
bacilli. 

After  19  minutes  (green). 


Aseptic  nephrolithiasis  (right),  tuberculosis  (left). 

Indications  for  operative* treatment  :  First  pyelotomia 
dextra.  After  healing  of  the  wound,  nephrectomia 
sinistra.  The  patient  was  treated  thus  and  recovered 
completely  in  four  weeks. 


FUNCTIONAL  TESTS   IN   CASES   OF  STONE  IN  THE 
URETER  AND  ANURIA. 

In  cases  of  occlusion  of  a  ureter  by  impaction  of  a 
calculus,  the  first  measure  should  be  to  investigate  the 
condition  of  the  other  kidney.  In  such  cases  catheteriza- 
tion is  only  necessary  to  diagnose  a  free  passage 
through  the  ureter  and  to  prove  the  presence  of 
hydronephrosis.  If  the  functional  condition,  measured 
by  our  methods  of  functional  diagnosis  in  the  urine,  is 
normal,  we  have  to  choose  between  uretero-,  pyelo-,  and 
nephrotomy,  according  to  the  position  of  the  calculus  ; 
nephrectomy  must  also  be  considered  if  the  occluded 
kidney  is  no  more  than  a  cyst  with  no  parenchyma. 
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EXAMPLE. 

Nephro-uretero-cystolithiasis  in  a  horse-shoe  kidney  ; 
cysto-uretero-nephrotomy  at  one  time.     Recovery. 

Jakob  Sch.,  tailor,  aged  40,  August  19,  191 1. 

Patient  had  suffered  from  pain  in  the  left  kidney  for 
twelve  years.  Some  years  previous  to  examination,  a  cal- 
culus the  size  of  a  digital  phalanx  was  passed  with  the 
urine.  For  several  months  the  patient  had  been  suffering 
extreme  and  increasing  pain  in  the  left  kidney,  severe 
dysuria  and  strangury. 

Present  condition  :  A  robust  man  with  normal  internal 
organs.  A  large,  soft  swelling  felt  indistinctly  in  the 
region  of  the  left  kidney,  which  was  extremely  painful. 
Urine  purulent  and  turbid,  containing  albumin  and  blood, 
also  large  numbers  of  Bacillus  coll. 

Cystoscopy  :  (Cf.  fig.  14  a)  hemispherical,  white,  phos- 
phate calculus,  with  a  peg-like  process  projecting  into 
the  left  ureter.  Right  ureter  normal.  Chronic  ulcerous 
cystitis. 

Radiography  :  stone  shadows  in  the  left  part  of  the 
renal  pelvis,  the  size  of  one  shilling  pieces,  remarkably 
near  the  vertebral  column. 

Catheterization  of  the  Ureters. 


Urine      

Albumin 
Indigo  carmine 
Specific  gravity... 


Right 


Left 


Clear,  amber,  acid 

After  6  minutes. 
1020. 


Occlusion  by  a  calculus 
in  the  orificium  ureteris 
vesicale. 


Diagnosis  :  Hydropyonephrosis  calculosa  sinistra,  cal- 
culus in  the  vesical  end  of  the  left  ureter.  Right  kidney 
normal. 

Indication  :  Removal  of  the  stone  by  cystotomy, 
ureterotomy    and  nephrotomy. 
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We  performed  the  operation  on  September  30,  191 1. 
At  one  sitting  we  first  opened  the  bladder  and  removed 
the  mushroom -shaped  concrement  (cf.  fig.  14  c)  by  in- 
cision into  the  pars  intramuralis  ureteris.  About  f  litre 
of    turbid    urine    immediately    rushed    into    the   bladder. 


FlG.  14. — a,  Cystoscopic  picture  of  the  ureteral-urinary  calculus  c,  wedged 
into  the  ureter  ;  d,  mulberry-shaped  renal  calculus. 


Closure  of  the  ureteral  and  bladder  incisions  ;  then 
nephrotomy.  The  calculus  (fig.  14  b)  lay  in  the  hydro* 
nephrotic  and  enlarged  pelvis  of  the  left  horse-shoe 
kidney.     Reactionless  recovery. 

In  cases  of  complete  anuria  it  may  be  a  question  of 
the  occlusion  of  the  ureter  of  a  single  kidney,  of  bilateral 
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occlusion  or  of  occlusion  of  one  ureter  by  a  calculus  with 
reflex  anuria  of  the  other  kidney.  The  work  of  catheteriza- 
tion of  the  ureter  is  :  (1)  to  determine  the  presence  of 
two  ureters,  (2)  the  site  of  the  calculus  ;  and  (3),  by 
therapeutic  measures,  to  assist  the  passing  of  the  calculus 
by  loosening  the  latter,  injection  of  oil  or  glycerine  into 
the  ureter  and  dilatation. 

In  such  cases,  the  only  functional  test  should  be  the 
estimation  of  the  freezing-point  of  the  blood. 

The  clinical  symptoms  of  uraemia,  however,  will  show 
the  suppression  of  the  total  renal  function  as  quickly  and 
definitely  as  the  cryoscopy  of  the  blood. 

It  is  a  long-known  fact,  recently  emphasized  by 
Alexander  Frankel,  that  anuria  caused  by  occlusion  of 
both  ureters  produces  a  relatively  late  onset  of  uraemia  ; 
there  have  been  cases  reported  (Ultzmann)  in  which 
complete  suppression  of  urine  has  existed  for  three  weeks 
without  manifest  symptoms  of  uraemia. 

We  have  made  the  same  observation  in  our  cases  of 
anuria  caused  by  calculi  ;  but  it  is  not  only  clinically 
that  the  characteristic  symptoms  of  uraemia  are  of  rela- 
tively late  appearance,  for  the  lowering  of  freezing-point 
of  the  blood  remains  at  a  normal  level  for  a  long  time ; 
in  two  cases,  however,  we  observed  that  the  manifest 
signs  of  uraemia  (headache,  vomiting,  increased  reflex 
excitability,  cramp)  were  presaged  several  days  previously 
by  a  lowering  of  the  freezing-point  of  the  blood  to 
-0600  and    -0-65°  C. 

The  long  absence  of  uraemic  symptoms  in  cases  of 
anuria  caused  by  calculi  is  a  strong  argument  for  the 
assumption  of  an  internal  renal  secretion ;  the  role  of 
the  latter  in  the  production  of  uraemic  symptoms  has  at 
present  been  considerably  underestimated. 
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OBSERVATION  OF  A  CASE  OF  ANURIA  RESULTING 
FROM  THE  OCCLUSION  OF  THE  URETER  OF  A 
SINGLE   KIDNEY. 

Ignaz  K.,  aged  43,  June  6,  191 1.  Six  weeks  previously, 
nephrectomy  was  performed  owing  to  pyonephrosis 
calculosa  dextra.  Wound  healed  per  primam.  Urine 
clear  and  free  from  albumin.  Uninterrupted  convales- 
cence till  the  day  before  examination.  Sudden  onset  of 
anuria  with  an  indistinct  feeling  of  pressure  in  the  left 
kidney. 

Condition  :  On  cystoscopic  examination,  oedema  of  the 
orifice  of  the  left  ureter  and  impaction  of  a  white  body. 
It  was  possible  to  insert  a  catheter  by  the  side  of  the 
calculus  and  draw  off  £  litre  of  urine. 

The  freezing-point  of  the  blood  was  -  0*56°  on  July  7. 
Twenty-four  hours  '  anuria  followed.  Introduction  of 
a  self-retaining  catheter  into  the  ureter.  Five  litres  of 
urine  were  passed  in  twenty-four  hours.  Catheter  removed 
on  July  10.  Shortly  after,  vomiting,  rigors  (38*4°  C.)  and 
anuria  ensued. 

July  11  :  In  the  afternoon  there  occurred  a  rigor 
(397°  C.)  with  cyanosis  and  collapse  ;  pulse  140.  Saline 
infusions,  camphor  and  caffein  injections.     8  =  —  0*57°. 

July  12  :  Patient  was  to  be  taken  to  the  theatre  for  the 
purpose  of  ureterotomy.  He  suddenly  passed  200  c.c. 
of  blood-stained,  purulent  urine.  Cystoscopy  :  a  white 
calculus,  the  size  of  a  lemon  pip,  was  found  in  the  bladder 
and  passed  with  the  next  micturition.  Rapid  disappear- 
ance of  the  uraemic  symptoms. 

Patient  left  in  good  health  on  July  15. 

The  combination  of  functional  tests  with  radiography 
explains  many  doubtful  cases  of  abdominal  pain  and,  on 
the  other  hand,  renders  it  possible  to  exclude  renal 
diseases  as  the  cause  of  pain  and  colic. 
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We  must  mention  here  a  method  which,  amongst 
other  advantages,  renders  possible  the  diagnosis  of  mal- 
positions of  the  kidney  ;  this  is  a  method  first  described 
by  Francis  Munch  for  the  identification  of  abdominal 
pains  with  renal  pains. 

A  cerlain  quantity  of  sterilized  boracic  acid  solution 
is  injected  into  the  renal  pelvis  by  means  of  a  ureteral 
catheter  up  to  the  moment  of  onset  of  a  painful  feeling 
of  tension.  If  the  patient  affirms  that  the  pain  feels 
exactly  the  same  as  his  former  abdominal  pain,  one  can 
be  certain  by  this  specific  method  that  the  abdominal 
colic  was  really  due  to  attacks  of  pain  in  the  kidney  ;  or 
the  contrary  may  be  assumed  according  to  the  subjective 
symptoms  of  the  patient  after  the  injection. 


OBSERVATION   OF  A    CASE  OF   PELVIC  OPACITIES 
SIMULATING  CALCULI   IN   THE   URETER. 

Karl  G.,  aged  36,  September  2nd,  191 2.  One  and  a 
half  years  previously  cramps  occurred  in  the  hypogastric 
region,  which  subsided  on  the  application  of  hot  fomen- 
tations. Six  similar  attacks  with  pain  in  the  region  of 
the  left  kidney  occurred  during  the  present  year.  Vomit- 
ing and  shivering  also  accompanied  the  attacks.  The 
urine  was  normal.  A  Rontgen  examination  was  made, 
at  which 'several  ureteral  calculi  the  size  of  lentils  were 
found.  The  patient  was  then  handed  over  to  our 
department. 

Present  condition  :  Powerfully  built  man  with  normal 
organs,  kidneys  non-palpable;  urine  clear,  golden,  1022, 
acid,  no  albumin  or  sugar ;  sediment — a  few  leucocytes, 
no  erythrocytes. 

Diagnosis  :  Completely  normal  function  of  the  kidneys  ; 
free  passage  through  the  ureter. 
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Catheterization  of  the  Ureters. 
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Fig.  15. — Ureter  with  metal  catheter  in  position.     Opacities  in  the  pelvis 
at  the  side  of  the  ureter. 
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Rontgen  photograph,  after  introducing  a  metal  catheter 
into  the  ureter,  showed  that  the  "stone  shadows"  are  far 
distant  from  the  ureter  (cf.  fig.  15). 

Result  :  Normal  kidneys ;  the  shadows  certainly  do  not 
originate  from  calculi  in  the  ureter. 

FUNCTIONAL   DIAGNOSIS  OF    HYDRONEPHROSIS. 

At  the  very  first  introduction  of  catheterization  of  the 
ureters,  the  diagnosis  of  residual  urine  in  the  renal  pelvis 
was  understood.  When  it  is  possible  to  overcome  the 
obstacle  in  the  ureter  (stenosis,  kinking  or  compression) 
by  the  catheter  and  reach  the  renal  pelvis,  its  contents 
flow  out  and  we  estimate  the  degree  of  dilatation  of  the 
pelvis  by  the  amount  of  residual  urine.  The  normal 
renal  pelvis  contains  at  the  most  2  to  5  c.c.  fluid.  Its 
capacity  for  injected  fluids  is  at  most  5  c.c.  If  it  is 
possible  to  inject  more  than  5  c.c.  without  causing  pain, 
dilatation  of  the  pelvis  can  be  assumed.  The  amount  of 
dilatation  is  measured  by  the  amount  of  fluid  that  can  be 
injected  without  causing  pain.  Walker  and  Braasch  state 
that  a  capacity  of  30  to  40  c.c.  signifies  pronounced 
hydronephrosis,  and  if  more  than  150  c.c.  the  diagnosis 
is  one  of  a  hydronephrotic  pouch  without  any  parenchyma 
capable  of  secretion. 

Kelly  and  later  Fritz  Volcker  described  the  "  calibra- 
tion "  of  the  renal  pelvis,  i.e.,  the  filling  of  the  previously 
emptied  renal  pelvis  with  sterile  fluid  until  the  occurrence 
of  pain  and  tension.  By  this  means  it  is  possible  by 
measuring  the  amount  of  fluid  introduced  to  estimate  the 
potential  size  of  the  hydronephrotic  cyst  with  absolute 
accuracy. 

The  diagnosis  of  hydronephrosis  can  further  be  con- 
firmed if  a  quicker  flow  of  urine  from  the  catheter  is 
observed   on  exerting  pressure  on   the  kidney. 
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Pyelography  (Volcker)—  radiography  of  the  renal  pelvis 
after  filling  with  collargol— also  gives  us  in  favourable 
cases  a  picture  of  the  extent  of  the  hydronephrosis.  It 
must  be  stated  that  this  is  a  method  the  use  of  which  in 
practice  we  must  oppose  for  several  reasons. 

While  our  methods  of  functional  renal  diagnosis  almost 
always  place  us  in  a  position  to  estimate  the  amount  of 
functioning  renal  parenchyma,  radiography  of  the  pelvis 
gives  us  no  clue  to  the  latter.  The  intermittent  excretion 
of  indigo-carmine  and  phloridcine-sugar,  when  its  excre- 
tion on  one  side  only  is  shown  on  catheterization  of  the 
ureters,  is  a  pathognomic  sign  of  hydronephrosis  with 
parenchyma  still  capable  of  satisfactory  secretion.  But 
if  we  are  dealing  with  closed  hydronephrosis,  then  both 
pyelography  and  the  older  methods  described  above  lead 
to  no  diagnosis. 

In  spite  of  the  negative  result  of  pyelography  in  these 
cases,  however,  we  can  diagnose  closed  hydro-  or  pyo- 
nephrosis with  certainty  from  the  absence  of  any  secretion 
on  catheterization  of  the  ureters. 

Diagnosis  of  enlargement  of  the  ureter  is  made  on  the 
same  lines  as  that  of  dilatation  of  the  renal  pelvis.  At 
the  moment  when  the  opening  of  the  catheter  has 
overcome  the  stenosis  of  the  ureter — the  height  of  the 
latter  can  be  read  off  on  a  graduated  catheter — the  con- 
tents of  the  hydro-ureter  and  hydronephrosis  flow  off. 

EXAMPLE  OF  HYDRONEPHROSIS  INTERMITTENS 
RENIS  DEXTRI,  EXTIRPATION  OF  THE  KIDNEY. 
RECOVERY. 

Frau  Johanna  Pf.,  July,  1909.  Repeated  attacks  of 
renal  colic  in  the  right  side,  which  exactly  resembled  that 
due  to  calculi  and  had  the  same  symptoms — radiating 
pain,  meteorism  and  vomiting. 
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Present  condition  :  No  pathological  changes  in  internal 
organs.  The  region  of  the  right  kidney  very  sensitive  to 
pressure  ;  muscles  on  guard  ;  a  soft  tumour,  the  size  of 
the  fist. 

Cystoscopy  :  Bladder  normal  except  for  slight  granular 
cystitis  fundi  vesicae. 


Catheterization  of  the  Ureters. 
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The  excretion  of  the  pig- 
ment disappeared  after  18 
hours   and    suddenly   re- 
appeared after  26  hours, 
shortly  afterwards    again 
disappearing  ;     after    40 
hours  coloured  urine  again 
appeared  (green)  from  the 
right  kidney  (catheteriza- 
tion),   while    clear    urine 
was    obtained    from    the 

S  =  -  0-56°. 

left  kidney. 

Diagnosis  :   Right,  hydronephrotic  cystic  kidney  ;  left, 
normal  kidney. 

Indication  :  Nephrectomia  dextra. 
Operation  :  July  15;  cf.  fig.  16.     Recovery. 
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Fig.  16. —  Hydronephrosis. 


THE    USES    OF    FUNCTIONAL   TESTS   IN   THE    INDICA- 
TIONS FOR  PROSTATECTOMY. 

In  addition  to  surgical  renal  cases,  functional  tests 
of  the  kidneys  have  a  special  significance  in  the  indica- 
tions in  cases  of  enlarged  prostate. 

Recent  therapeutic  measures  tend  more  and  more  to 
the  extension  of  the  indications  for  a  radical  operation — 
suprapubic  prostatectomy.  Owing  to  the  extremely 
favourable  results  of  the  latter,  the  indications  for  this 
valuable  measure  (which  until  relatively  recently  were 
limited  to  cases  of  vital  complications  such  as  retention 
of  urine  when  catheterization  is  impossible,  severe 
haemorrhages,   very  acute    suppuration    of   the    bladder), 
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have  been  extended  to  include  these  further  cases,  in 
which  experience  has  shown  that  the  regular  introduction 
of  a  catheter  is  attended  by  greater  dangers  than  the 
radical  operation. 

Thus  a  "  social  "  indication  soon  came  into  recognition, 
i.e.,  for  those  cases  in  which  the  external  circumstances  of 
the  patients,  poverty,  unhygienic  dwellings  and  lack  of 
intelligence  do  not  allow  of  an  aseptic  use  of  the  catheter. 

But  even  when  full  attention  is  paid  to  subjective  and 
objective  asepsis  in  the  use  of  the  catheter,  an  infection  of 
the  bladder  and  kidneys  is  certainly  not  an  exception. 
What  degree  the  infection  may  assume  cannot  be  fore- 
told. Many  cases  of  hypertrophied  prostate  further  exhibit 
the  tendency  to  copious  haemorrhages  from  the  gland, 
which  can  only  be  controlled  with  the  greatest  difficulty. 
Other  patients,  too,  are  compelled  by  an  extremely 
frequent  desire  to  urinate,  often  accompanied  by  spasms 
of  pain,  to  introduce  the  catheter  at  frequent  intervals. 
Lastly,  a  sword  of  Damocles  hangs  over  so  many  of 
our  cases  of  enlarged  prostate  in  the  shape  of  malignant 
degeneration  of  the  parenchyma  of  the  gland,  so  that 
all  these  reasons  and  the  increasingly  favourable  statistics 
of  the  operation  have  brought  us  to  decide  on  prostatectomy 
in  preference  to  regular  catheterization  in  every  case  where 
the  former  is  possible. 

The  basis  and  condition  for  a  successful  result  of  the 
radical  operation  lies,  however,  not  only  in  a  satisfactory 
general  condition  of  the  patient,  but  in  the  sound  functional 
condition  of  the  kidneys. 

Now  the  usual  clinical  methods  of  examination  often 
do  not  place  us  in  a  position  to  obtain  an  accurate  picture 
of  the  condition  of  the  kidneys  of  these  patients.  The 
chemical  and  microscopical  examination  of  the  urine 
often  reveals  no   characteristic   symptoms   of  threatened 
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renal  incompetency.  The  excretion  of  water  may  even 
exceed  the  normal  amount  (polyuria  of  prostatic  patients) ; 
the  content  of  urea,  chlorides  and  phosphates  in  a  twenty- 
four  hours'  quantity  of  urine  may  be  normal.  But  this 
polyuria  may  be  an  accessory  phenomenon  of  renal 
incompetency  (hyposthenuria) ;  the  general  urotoxaemic 
symptoms,  gastro-intestinal  trouble,  thirst,  suppression 
of  the  functions  of  the  skin  and  mucous  membranes,  may 
on  the  one  hand  be  recognized  as  the  symptoms  of  the 
most  extensive  destruction  of  the  renal  parenchyma 
(pyelonephritis,  atrophy  due  to  pressure,  hydropyo- 
nephrosis,  contracted  kidney)  ;  but,  on  the  other  hand,  all 
these  symptoms  may  only  appear  temporarily  as  the  signs 
of  a  hindrance  to  the  passage  of  the  urine.  In  the  former 
case,  an  operation  in  the  prostate  under  anaesthetic  would 
certainly  result  in  acute  renal  incompetency  (anuria  and 
uraemia)  ;  in  the  latter,  however,  preparatory  measures 
(use  of  a  self-retaining  catheter,  milk  diet)  may  succeed 
in  improving  the  renal  function  to  a  considerable  degree, 
in  bringing  about  the  disappearance  of  the  urotoxaemic 
symptoms  and  thus  in  paving  the  way  to  a  successful 
operation. 

Now  our  functional  methods  are  able  to  show  the 
distinction  between  destructive  (irreparable)  changes  in 
the  kidney  and  temporary  impairment  of  the  functions 
of  the  latter.  It  can  only  be  regarded  to-day  as  a  serious 
omission  to  neglect  the  testing  of  the  renal  functions 
before  every  prostatectomy  in  assessing  the  indications 
and  contra-indications. 

In  a  paper  read  in  1904  (Volkmann's  Samtnlung 
klinischer  Vortrage,  365)  we  mentioned  the  fact  that  on 
the  advice  of  Professor  v.  Frisch  no  operation  on  patients 
with  enlarged  prostate  was  to  be  performed  in  our 
urological  department  without  proving  a  competent 
renal  function  by  means  of  cryoscopy  of  the  blood. 
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Paschkis  at  the  second  congress  of  German  urologists 
recommended  the  use  of  the  indigo-carmine  test  for  the 
same  purpose. 

Urotoxaemia,  like  the  "dry"  uraemia  of  Widal,  is 
characterized  by  a  retention  of  nitrogenous  substances 
in  the  blood,  causing  a  sinking  of  the  freezing-point  of 
the  blood.  In  advanced  cases  of  urotoxaemia  in  pros- 
tatic patients  in  the  third  stage  we  observe  freezing- 
points  of  — 0700  C.  and  lower. 

The  method  of  testing  the  renal  function  by  means  of 
phenolsulphonephthalein,  introduced  by  Geraghty  and 
Rowntree,  seems  to  be  a  great  advance.  By  this  ex- 
tremely expeditious  method  we  can  measure  not  only 
the  commencement  of  excretion  of  the  pigment  but  also 
its  amount.  The  above  authors  have  proved  the 
serviceability  and  value  of  the  method  in  sixty  cases  of 
hypertrophied  prostate. 

"  If  the  commencement  of  excretion  is  delayed  by 
more  than  twenty-five  minutes  and  the  quantity  of  the 
salt  excreted  in  the  first  hour  sinks  below  20  per  cent., 
the  operation  must  be  postponed  without  consideration 
of  the  clinical  condition  of  the  patient.  If,  in  spite  of 
appropriate  treatment,  the  excretion  remains  at  such  a 
defective  level,  the  operation  can  only  be  undertaken 
when  an  anaesthetic  is  chosen  which  cannot  exert  the 
slightest  unfavourable  influence  on  the  kidney.  When 
only  slight  traces  of  the  pigment  are  excreted,  opera- 
tion must  be  absolutely  declined,  as  serious  impairment 
of  the  renal  function  must  occur  even  if  less  severe 
therapeutic  measures  are  taken."  By  means  of  continued 
phenolsulphonephthalein  tests,  Geraghty  and  Rowntree 
proved  the  value  of  Young's  preparatory  treatment  of 
prostate  cases  by  several  days'  confinement  to  bed,  milk 
diet  and  the  use  of  a  self-retaining  catheter.     They  showed 
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that  even  in  cases  with  excretion  of  about  8  per  cent,  of 
the  pigment  a  complete  recovery  of  the  renal  function  up 
to  an  almost  normal  secretion  may  be  attained. 

The  method  of  procedure  in  the  functional  renal  ex- 
amination of  our  cases  of  enlarged  prostate  is  as  follows  : 
Clinical  examination  (condition  of  the  urine,  cystoscopy 
of  the  bladder,  examination  of  heart  and  lungs,  blood 
pressure,  palpation  of  the  kidneys)  should  give  us  an 
approximate  idea  of  the  competency  or  incompetency  of 
the  kidneys.  Then  we  assess  the  excretory  powers  of  the 
kidneys  in  the  following  manner  :  by  giving  $  to  i  litre 
of  mineral  water,  we  test  the  power  of  increased  secretion  of 
water  ;  by  injecting  indigo-carmine  or  phenolphthalein, 
we  try  to  get  an  estimate  of  the  ability  to  excrete  salt. 

We  have  already  mentioned  that  in  retention  of  urine 
we  can  recognize  three  types  of  faulty  excretion  of  salt : 
(i)  Delay — this  is  usually  coincident  with  the  com- 
mencement of  excretion  of  indigo-carmine  ;  (2)  a 
decrease  of  the  absolute  quantity  of  the  excreted 
salt;  (3)  a  change  in  the  relative  figures  for  the  amount 
of  pigment  excreted  in  the  first  and  second  hours 
(O.  Schwarz). 

The  two  last-named  factors — quantitative  decrease  and 
a  change  of  the  relative  amounts  of  excreted  pigment — are 
usually  remedied  by  preparatory  treatment  with  a  self- 
retaining  catheter,  when  the  renal  impairment  is  not  too 
serious.  Delayed  excretion  of  the  pigment,  like  protracted 
excretion  of  indigo-carmine,  seems  to  denote  irreparable 
impairment  of  the  renal  function. 

FUNCTIONAL    DIAGNOSIS    IN    THE    SERVICE    OF    THE 
INTERNAL   TREATMENT   OF   RENAL    DISEASES. 

We  now  come  to  the  last  section — the  results  and  the 
significance  of  functional  tests  in  the  internal  treatment 
of  renal  diseases  ;  or  we  may  ask  whether  we  owe  any 
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thanks  to  the  modern  methods  of  examination  for  the 
diagnosis,  prognosis  and  treatment  of  "  medical  "  renal 
complaints. 

The  significance  of  the  modern  methods  of  examination 
is  threefold  :  (1)  In  the  diagnosis  of  renal  competency 
and  incompetency;  (2)  in  the  differential  diagnosis  of 
the  various  forms  of  nephritis  ;  (3)  in  the  diagnosis  of 
u  harmless  "  albuminuria. 

There  are  many  prognostic  and  therapeutic  considera- 
tions bound  up  with  these  three  questions. 

(1)  The  diagnosis  of  renal  incompetency.  As  we  have 
stated  in  the  introduction,  the  old  methods  of  clinical 
examination  and  chemical  analysis  of  the  urine  are  not 
always  sufficient  to  show  us  whether  the  kidneys  of  an 
individual  are  able  to  meet  completely  the  demands  made 
of  them,  to  adapt  themselves  to  the  demands  which,  even 
in  normal  life,  exhibit  extreme  variation.  Now  renal 
incompetency,  as  we  know,  is  revealed  in  many  cases  by 
retention  of  water  in  the  body  (oedema 1),  retention  of  salt 
(uraemia2),  and  by  compensatory  processes  in  the  circu- 
latory apparatus  (hypertrophy  of  the  heart).  But  it  is 
impossible  in  all  cases  to  recognize  renal  incompetency 
from  these  symptoms ;  for,  on  the  one  hand,  all  these 
phenomena  may  be  variously  interpreted  as  regards 
aetiology  and  pathogenesis  and,  on  the  other  hand,  there 
are  cases  enough  of  diffuse  renal  diseases  with  satisfactory 


1  Retention  of  water  in  renal  cases  is  often  not  revealed  in  the  form 
of  oedema,  but  of  increase  of  weight  as  a  result  of  absorption  of  water 
by  internal  organs  (pre-cedema  of  Widal  and  Javal). 

2  In  an  endeavour  to  classify  the  forms  of  nephritis  on  a  functional 
basis,  Widal  distinguishes  the  forms  of  nephritis  which  show  defective 
function  with  regard  to  the  retention  of  sodium  chloride  (chloraemic) 
from  those  in  which  nitrogenous  substances  are  retained  (azotaemic 
nephritis). 
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compensation  in  which  neither  oedema,  nor  uraemia,  nor 
hypertrophy  of  the  heart  are  present  or  have  ever  been 
observed.  Histological  examination  in  such  cases  has 
always  evidenced  impairment  of  an  inflammatory  nature 
in  certain  parts  of  the  kidney  and  compensating  hyper- 
trophy of  other  parts  of  the  same  organ.  In  these  cases 
the  old  methods  are  insufficient  to  prove  the  competency 
or  incompetency  of  the  kidneys. 

Now  v.  Koranyi  found  that  as  a  general  rule  every  case 
of  nephritis  is  accompanied  by  hyposthenuria  ;  in  other 
words,  the  freezing-point  of  the  urine  is  abnormally  low, 
because  the  kidneys  have  lost  the  ability  to  produce  a 
concentrated  urine.  In  general,  the  lower  the  molecular 
concentration  of  the  urine,  the  worse  the  case.  Increase 
of  the  lowering  of  freezing-point  of  the  urine  is 
favourable  as  regards  the  prognosis,  while  a  decrease  is 
indicative  of  an  unfavourable  prognosis  (Zeitschrifi  Jiir 
klinische  Medizin,  Bd.  xxxiii).  "  Whilst  in  extreme  cases, 
with  healthy  kidneys  the  freezing-point  of  the  urine  varies 
between  —  3=  and  —  o*i°  and  by  this  very  changeability 
renders  possible  a  constant  osmotic  pressure  and  con- 
stant amount  of  fluid  in  the  body,  in  diffused  renal 
diseases  these  two  limits  tend  to  get  closer  and  closer 
and  both  approach  the  freezing-point  of  the  blood.  The 
inability  to  excrete  a  highly  concentrated  urine  has 
already  been  described  in  the  section  dealing  with 
hyposthenuria.  But  I  am  convinced  that  the  inability 
to  produce  a  very  dilute  urine  when  much  water  is 
consumed  is  a  property  of  the  diseased  renal  tissue  no 
less  important  than  hyposthenuria."  (Berliner  klinische 
Wochenschrijt,   1899.) 

We  have  thus  learnt  to  recognize  two  important  new 
symptoms  of  renal  incompetency  as  a  result  of  v. 
Koranyi's    experiments:     (1)     Hyposthenuria,    the    con- 
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tinued  excretion  of  a  urine  of  too  low  a  molecular  con- 
centration, and  (2)  the  proof  of  the  inability  of  the  kidney 
to  adapt  itself  completely  to  the  osmotic  conditions  in 
the  organism,  a  decreased  power  to  dilute  and  concen- 
trate, i.e.  the  inability  to  produce  a  very  dilute  or  highly 
concentrated  urine  when  the  corresponding  demand  is 
made. 

The  extremely  instructive  experiments  of  Hedinger 
and  Schlayer  and  Takayasu  in  the  function  of  diseased 
kidneys  were  based  on  the  consideration  whether  (at 
first  in  animal  experiment  only)  it  is  possible  to  obtain 
a  topical  diagnosis  by  studying  the  excretion  of  foreign 
substances  introduced  into  the  organism,  i.e.,  il  the 
possibility  of  assessing  the  function  of  tubules  and 
glomeruli  separately,  and  thus  of  drawing  conclusions  as 
to  their  functional  activity." 

By  observing  the  excretion  of  milk-sugar,  potassium 
iodide  and  sodium  chloride  in  animals  with  experimental 
nephritis,  they  came  to  the  conclusion  that  there  are  two 
different  modes  of  origin  of  hyposthenuria — a  vascular 
and  a  tubular.  In  nephritis  of  a  chiefly  tubular  type 
(intoxication  with  chromium,  uranium,  sublimate,  aloes), 
hyposthenuria  is  produced  by  a  decreased  activity  of  the 
tubules  (the  organ  of  secretion  of  salt  and  reabsorption 
of  water) ;  an  additional  dose  of  sodium  chloride  is  either 
not  excreted  at  all  or  only  incompletely. 

Vascular  hyposthenuria  is  produced  by  increased 
activity  of  the  renal  vessels,  the  tubules  being  intact, 
while  the  sodium  chloride  is  excreted  in  a  normal 
manner. 

The  impermeability  of  a  kidney  with  diffuse  disease  for 
molecules  of  close  combination  as  the  sign  of  incom- 
petency can,  as  we  have  shown,  be  recognized  both  by 
cryoscopy  and  by  the  pigment  methods  described  earlier ; 
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of  the  latter,  the  indigo-carmine  test  of  Volcker  and 
Joseph,  analogous  to  the  excretion  of  salts,  is  a  parti- 
cularly expeditious  and  satisfactory  example.  As  we 
have  stated,  the  phloridcine  test  is  less  valuable.  It  has 
also  been  maintained  that  in  a  kidney  affected  chiefly  by 
parenchymatous  degeneration,  there  is  either  no  abnormal 
excretion  of  pigment  or  sugar,  or  these  substances  are 
excreted  more  rapidly  than  under  normal  conditions. 
With  regard  to  interstitial  nephritis,  cf.  below. 

Whilst  cryoscopy  of  the  urine,  the  dilution  and  pigment 
methods,  places  us  in  a  position,  even  when  the  function 
of  the  diseased  kidney  is  entirely  compensated,  to  prove 
in  individual  cases  its  relative  incompetency  (on  increased 
demands)  and  the  absence  of  latent  reserve  power,  we 
have  in  cryoscopy  of  the  blood  a  means  of  recognizing  the 
absolute  inefficiency  of  the  renal  function  and  the  absence 
of  any  compensatory  assistance  in  the  renal  work  of  regu- 
lation of  osmotic  pressure,  and  this  even  in  the  early 
stages. 

The  retention  of  salts  and  metabolic  decomposition- 
products  in  the  blood  before  this  has  led  to  any  manifest 
signs  of  renal  incompetence,  is  first  evident  by  a  lowering 
of  the  freezing-point  of  the  blood,  i.e.,  in  an  increased 
molecular  concentration  of  the  latter  (Dreser,  v.  Koranyi, 
Kiimmel,  Kovesi,  Roth-Schulz). 

(2)  In  diagnosing  competency  of  the  renal  function, 
we  come  to  the  decision  whether  albuminuria,  when  dis- 
covered, is  to  be  regarded  as  "  harmless  "  in  the  sense  of 
v.  Noorden  or  whether  it  is  the  sign  of  diseased  renal 
parenchyma. 

It  must  be  admitted  at  once  that  excretion  of  albumin 
as  such  signifies  a  certain  amount  of  impairment  of  the 
normal  renal  function,  for  it  is  one  of  the  characteristic 
properties  of  the  selective  work  of  the  kidneys  that  they 
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are  able  to  secure  the  retention  of  albumin  in  the  blood, 
while  filtering  off  the  water  and  salts  from  the  latter. l 
We  know,  however,  on  the  one  hand  that  in  cases  of 
nephritis  the  degree  of  albuminuria  cannot  be  taken  as 
a  measure  of  the  anatomical  lesion  and  functional  impair- 
ment, that  severe  forms  of  chronic,  destructive  inflam- 
mation of  the  renal  tissue  often  exist  for  a  long  time 
without  albuminuria  or  with  but  the  slightest  traces  of 
albumin  in  the  urine  ;  on  the  other  hand,  the  symptom  of 
harmless  albuminuria  has  been  recognized,  i.e.,  excretion 
of  albumin  without  any  proved  anatomical  lesion  of  the 
kidneys  or  any  other  functional  lesion.  The  decision  of 
this  important  question  can  often  be  made  quite  easily 
by  means  of  functional  diagnosis.  In  a  case  of  albumin- 
uria in  which  there  are  no  clinical  signs  of  renal  in- 
competency and  in  which  functional  tests  show  an 
entirely  satisfactory  functional  activity  of  the  kidney,  we 
shall  be  justified  in  speaking  of  a  harmless  albuminuria. 
Under  this  heading  v.  Noorden  includes  the  juvenile, 
orthostatic,  senile,  and  other  forms. 

In  a  series  of  observations  made  with  v.  Stejskal 
over  a  period  of  several  years  in  ordinary  orthostatic 
albuminuria,  we  have  been  able  to  separate  a  group  of 
cases  by  means  of  functional  diagnosis,  which,  after  several 
years'  existence  of  an  apparently  harmless  albuminuria, 
develop  chronic  nephritis  of  the  interstitial  type.  In 
these  cases  nephritis  is  apparent  in  its  early  stages  under 
the  mask  of  orthostatic  albuminuria.     It  will  at  once  be 

1  M.  Fischer  holds  it  as  proved  that  the  albumin  does  not  reach 
the  urine  from  the  glomeruli  or  tubules  by  ordinary  secretion,  but  by 
the  transformation  of  the  cellular  albumin  of  the  parenchyma  cells 
in  a  gelatinous  condition  into  a  soluble  form.  The  cause  of  this  change 
of  the  colloidal  conditions  is  based,  as  Fischer  shows  in  detail  for  the 
various  forms  of  albuminuria,  on  an  abnormal  accumulation  of  acid 
in  the  kidney. 
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realized  that  the  discovery  of  this  condition  must  be  of 
extreme  significance  from  a  prognostic  and  partly  also 
from  a  therapeutic  point  of  view. 

(3)  We  now  come  to  the  third  point,  the  question 
whether  it  is  possible  to  obtain  a  differential  diagnosis 
between  the  various  forms  of  nephritis  by  means  of  our 
methods  of  functional  diagnosis.  It  is  here  that  we 
obtain  information  from  cryoscopy  of  the  urine  in  com- 
bination with  the  dilution  method  according  to  Kovesi 
and  Roth-Schulz.  "The  measure  of  the  power  of  the 
diseased  kidney  to  concentrate  and  dilute  and  the  charac- 
teristic difference  between  parenchymatous  and  com- 
pensated interstitial  nephritis,  do  not  lie  in  the  actual 
variation  in  degree  of  the  freezing-point  of  the  urine, 
but  on  the  degree  of  changeability  of  the  latter.  In  cases 
of  ©edematous  nephritis  (nephritis  parencbymatosa,  acute 
and  chronic),  the  freezing-point  of  the  urine  over  a  long 
period  of  daily  observation  exhibits  hardly  any  change, 
in  spite  of  the  not  inconsiderable  variations  in  the 
quantity  of  urine,  and  in  spite  of  those  measures 
(diaphoresis,  abundant  consumption  of  fluids  &c.)  which 
under  normal  conditions  produce  very  considerable 
variations  in  the  freezing-point.  On  the  other  hand,  in 
cases  of  nephritis  interstitialis,  the  freezing-point  of  the 
urine  compensates  the  decrease  or  increase  of  the  quantity 
of  urine,  reacts  to  artificial  stimulation  (diaphoresis,  large 
consumption  of  fluids)  with  great  variations,  as  a  sign 
that  the  kidney  has  regained  the  ability  to  adapt  itself 
within  wide  limits  to  the  changed  needs  of  the  organism. 

With  regard  to  the  results  of  experiments  with  the 
other  methods  of  differential  diagnosis  of  the  various 
forms  of  nephritis,  we  refer  the  reader  to  a  work  which 
we  published  in  1908,  "Zur  funktionellen  Diagnostik 
medizinischer  Nierenkrankheiten,"    in    which    we    stated 
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that  in  old-standing  chronic  cases  of  nephritis  in  the 
stage  of  compensation,  the  two  kidneys  exhibit  almost 
exactly  the  same  condition  as  evidenced  by  the  quantity 
of  urine,  excretion  of  albumin,  the  secretion  of  the  blue 
pigment  after  indigo-carmine  injection  and  the  produc- 
tion of  sugar  after  the  injection  of  phlondcine.  The 
differences  between  the  two  kidneys  do  not  exceed  those 
existing  between  normal  kidneys. 

In  this  connection,  we  can  confirm  the  characteristic 
condition  discovered  by  other  authors,  that  a  kidney 
affected  by  disease  chiefly  of  a  parenchymatous  type 
behaves  in  essential  points  almost  like  a  normal  kidney, 
i.e.,  it  performs  its  excretory  function  for  water  and  salts 
in  a  competent  manner.  In  interstitial  nephritis,  on  the 
contrary,  we  can  prove  a  relative  incompetency  with 
regard  to  the  excretion  of  salts  from  the  fact  that 
glycosuria  after  phloridcine  injection  either  appears  very 
late  or  not  at  all,  and  that  after  administration  of  indigo- 
carmine,  the  blue  pigment  is  produced  later  and  in  less 
intensity  than  when  the  kidney  is  normal.  The  length  of 
the  delay  in  the  excretion  of  the  pigment  apparently 
depends  on  the  severity  of  the  anatomical  lesion. 

Our  experiments  in  the  function  of  nephritic  kidneys 
also  afforded  us  valuable  help  in  the  question  of  unilateral 
nephritis.  In  cases  of  acute  nephritis  and  in  acute 
relapses  of  chronic  renal  inflammation,  we  were  able  to 
prove  that  the  process  in  the  two  kidneys  may  be  unequally 
developed,  so  that  only  one  kidney  produces  blood- 
stained, albuminous  urine  and  evidences  a  distinct  impair- 
ment of  function,  whilst  the  other  furnishes  a  normal  or 
almost  normal  secretion,  and  when  tested  by  our  methods 
of  functional  diagnosis  shows  no  impairment  of  the 
normal  function. 

The  question  whether  functional  diagnosis  furnishes  a 
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means  of  differential  diagnosis  of  the  chiefly  epithelial 
forms  of  nephritis  and  the  interstitial  and  vascular  forms, 
was  the  basis  of  the  excellent  experimental  work  of 
Hedinger,  Schlayer  and  Takayasu.  Starting  from  the 
knowledge  that,  according  to  the  experiences  of  physiology, 
the  kidney  exhibits  an  effort  to  get  rid  of  foreign  sub- 
stances as  quickly  as  possible,  at  any  rate  more  quickly 
than  the  physiological  constituents  of  urine  (Ascher- 
Spiro),  they  studied  the  excretion  of  potassium  iodide, 
milk-sugar  and  the  secretion  of  chlorides  in  experimental 
nephritis.  For  this  purpose  they  used  rabbits,  and,  on 
the  one  hand,  produced  nephritis  of  a  chiefly  tubular  type 
by  administration  of  chromium,  uranium  and  sublimate, 
and,  on  the  other,  a  vascular  type  by  cantharides  and 
arsenic.     (Cf.  p.  70  ct  seq.) 

They  came  to  the  conclusion  that  "  certain  topical 
changes  in  the  functional  conditions  of  the  kidney  also 
tally  with  quite  definite  changes  in  excretion."  "  When 
the  tubules  have  suffered  extensive  impairment,  sodium 
chloride  and  potassium  iodide  are  very  defectively 
excreted,  and  this  in  proportion  to  the  degree  of  impair- 
ment of  the  tubules.  When  the  vessels  are  the  seat  of 
impairment,  milk-sugar  is  excreted  more  slowly  ;  as  long 
as  the  vessels  are  intact,  the  excretion  of  milk-sugar  is 
normal,  however  great  the  impairment  of  the  tubules." 

In  connection  with  the  two  forms  of  hyposthenuria 
mentioned  earlier,  which  owe  their  origin  to  disease  of 
different  sections  of  the  parenchyma,  Schlayer  and 
Takayasu  were  able  to  obtain  most  valuable  conclusions 
with  regard  to  the  predominance  of  the  epithelial  or  the 
vascular  form  of  nephritis  from  the  experiments  men- 
tioned. Even  though  in  human  pathology  these  two 
chief  types  of  nephritis  exhibit  many  transitional  forms 
and    combinations,  the    experimental    methods  of   these 
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authors  promise  by  this  new  means  the  possibility  of 
differentiating  the  various  types  of  nephritis  ;  at  the  very 
least  their  experiments  are  a  fresh  step  in  functional 
diagnosis  by  the  recognition  of  the  topical  functions  of 
the  kidneys. 

It  has  already  been  indicated  that  the  old  division  of 
nephritis  (Virchow)  into  an  interstitial  and  a  parenchy- 
matous form  has  long  been  as  unsatisfactory  to  internal 
clinicians  as  to  pathological  anatomists.  Ponfick  and 
Ribbert  stated  that,  just  as  in  any  other  parenchymatous 
organ  (e.g.,  the  liver),  so  in  the  kidney,  parenchymatous 
inflammation  is  not  a  clear  conception.  The  inflamma- 
tion always  takes  place  in  the  interstitial  tissue,  therefore 
the  classification  of  medical  renal  diseases  should  ration- 
ally be  as  follows  :  Nephritis  {i.e.,  interstitial  nephritis) 
and  parenchymatous  degeneration  (i.e.,  degenerative 
epithelial  nephrosis). 

Clinicians,  by  means  of  experimental  experiences 
(Hedinger,  Schlayer,  Heineke  and  others)  and  of  observa- 
tions of  the  renal  function  in  the  pathology  of  human 
nephritis  (v.  Noorden,  Strauss,  Friedrich  Miiller,  Widal), 
have  been  able  to  go  further  and  establish  a  classifica- 
tion of  the  various  forms  of  Bright's  disease  from  a 
functional  standpoint. 

According  to  the  nature  of  the  secretion  of  water  and 
salts,  we  now  distinguish  between  a  dropsical  and  a  non- 
dropsical  (F.  Miiller)  form  of  nephritis,  a  chloraemic 
with  retention  of  sodium  chloride,  and  an  azotaemic 
with  retention  of  nitrogen  (Widal).  Even  the  chain  of 
symptoms  of  uraemia  undergo  a  fresh  division  on  this 
basis  into  a  dropsical  and  non-dropsical  (dry)  form  of 
uraemia  (Widal). 

The  classification  of  the  various  forms  of  nephritis  on 
the  basis  of  functional  diagnosis  has  by  no  means  a  purely 


128      THE    SIGNIFICANCE    OF    FUNCTIONAL    DIAGNOSIS 

theoretical  value  ;  the  knowledge  that  the  most  important 
symptoms  of  the  disease  depend  in  one  case  on  a  reten- 
tion of  water,  in  the  other  on  an  incompetent  excretion 
of  chlorine  and  nitrogen,  puts  us  in  a  position  to 
individualize  the  treatment  of  the  impaired  function 
according  to  the   nature  of  the  latter. 

H.  Eppinger  and  H.  Barrenscheen  have  recently 
published  a  clear  and  concise  monograph  on  the  modern 
functional  diagnosis  of  nephritis,  from  which  we  have 
extracted  an  extremely  clearly  arranged  table  of  the 
functional  tests  and  symptomatology  of  the  various  forms 
of  nephritis. 


Vascular- 

Tubular 
(chloraemic) 

Azotaemic 

Milk-sugar 
Nitrogen 
Sodium  chloride 

Iodine   

Water 

Delayed 
Normal 
Normal 
Normal 

Increased  or  nor- 
mal 

Normal 

Normal 

Retained 

Delayed 

Retained 

Normal. 

Retained. 

Normal. 

Normal. 

Normal. 

Amount  of  urine     Increased  or  nor- 

I     mal 
Specific  gravity       Low  or  normal 
Albumin           ...     Slight;   may  be 

absent 
Sediment           ...     May  be  absent 

Decreased 

Low 

Large  quantities... 

Abundant 

Increased. 

Low  or  normal. 
Present. 

Present. 

Phenomena       in 
the     circulatory 
appaiatus  : 
Heart 
Blood-pressure 

Hypertrophy  ... 
High 

Slight  hypertrophy 
Slightly  increased 

Slight  hypertrophy. 
May  be  normal. 

OZdema 

Absent 

Present    ... 

Scarcely  apparent. 

TT 

Uraemia 

Absent 

Absent 

Severe     and      slight 
uraemia. 

Accessory  pheno- 
mena 

Arteriosclerosis 
(pseudouraemia), 
retinal  haemor- 
rhages, crises 

Pallor  of  the  skin 

Retinitis      albumin- 
uria,   pericarditis, 
pleuritis       hemor- 
rhagica,    diarrhoea 
(NH8). 

Cause  of  death... 

Apoplectic  crises, 
heait 

Dropsy  (pulmonary 
oedema) 

Uraemia. 
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The  authors  showed  in  their  work  that  this  classifica- 
tion of  nephritis  has  not  only  a  theoretical  interest,  but 
that  it  furnishes  valuable  practical  conclusions  for  treat- 
ment. We  give  here  a  short  resume  of  v.  Noorden's  rules 
for  treatment. 

In  tubular  and  chloraemic  nephritis,  salt  must  be  for- 
bidden, a  milk  diet  is  also  to  a  certain  extent  contra- 
indicated.  Carbohydrates,  fats  (cream)  and  protein  in 
the  form  of  washed  meat  are  indicated. 

In  azotaemic  nephritis  (in  which  the  clinical  signs 
of  aversion  to  meat  show  a  retention  of  nitrogen), 
v.  Noorden  recommends  in  acute  cases  the  administra- 
tion of  water  and  carbohydrates  in  the  form  of  sugar  and 
fruit  juices  over  a  period  of  several  days  (up  to  eight). 
In  these  cases  a  milk  diet  is  to  be  avoided. 

With  regard  to  vascular  nephritis,  v.  Noorden  was  the 
first  to  point  out  that  every  patient  suffering  from  con- 
tracted kidney  must  be  treated  exactly  in  the  same  manner 
as  a  heart  case.  He  particularly  emphasizes  the  favourable 
effect  of  a  limitation  of  fluid  in  the  diminution  of  the 
blood-pressure.  As  the  excretion  of  chlorides  and 
nitrogen  is  usually  unimpaired,  a  mixed  diet  can  at  once 
be  administered  to  such  patients. 

The  decision  as  to  which  form  of  the  above  divisions 
of  nephritis  is  presented  by  a  particular  case  can  be  made 
by  the  following  functional  tests  : — 

According  to  the  researches  of  Schlayer  and  Takayasu 
(cf.  p.  126),  the  following  foreign  and  non-foreign  sub- 
stances are  particularly  suitable  for  a  topical  functional 
test  :  milk-sugar,  the  elaboration  of  which  in  the  kidney 
is  a  glomerular  function  ;  potassium  iodide,  which  is 
excreted  by  the  tubules;  water  (cf.  experimental  polyuria), 
the  excretion  and  filtration  of  which  (in  spite  of  the 
somewhat  easily  refuted  objections  of  Monakow)  can 
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definitely  be  regarded  as  a  glomerular  function  ;  and 
lastly,  sodium  chloride,  the  elimination  of  which  is  per- 
formed by  the  tubular  epithelium,  parallel  with  the 
excretion  of  sodium  chloride. 

The  functional  test  in  clinical  practice  is  performed  as 
follows  :  20  c.c.  of  a  10  per  cent,  solution  of  milk-sugar 
(i.e.f  2  grm.)  are  carefully  sterilized  and  injected  in- 
travenously. After  the  injection,  the  urine  is  collected 
at  intervals  of  half  or  one  hour,  and  the  amount  of  sugar 
contained  in  the  separate  amounts  of  urine  is  estimated 
quantitatively  by  polarimetric  methods  or  merely  qualita- 
tively by  one  of  the  sugar  tests.  Normal  kidneys  excrete 
the  milk-sugar  within  four  hours  after  injection,  and  the 
sugar  is  found  in  the  urine  to  the  extent  of  90  per  cent 
of  the  injected  quantity.  Delay  or  protraction  of  the 
excretion  of  sugar  (over  four  hours)  is  an  evidence  of  an 
impairment  of  the  glomerular  function  and  by  a  quantita- 
tive estimation  of  the  sugar  we  can  draw  conclusions  as 
to  the  degree  of  impairment,  just  as  from  the  duration  of 
the  protracted  elimination. 

Potassium  iodide,  which  has  repeatedly  been  used 
(Ingelfinger,  Oerum)  for  functional  tests  since  its  recom- 
mendation by  Sir  Dyce  Duckworth  in  1867,  is  administered 
in  a  quantity  of  0*5  grm.  by  mouth. 

The  length  of  excretion  of  this  amount  of  potassium 
iodide  is  thirty  to  fifty  hours;  according  to  Anten,  on  an 
average  forty  hours,  and  according  to  Schlayer,  forty- 
four.  The  maximum  normal  time  is  fifty  hours.  This 
period  cannot  be  influenced  in  any  way  either  by  the 
provocation  of  polyuria  or  oliguria. 

A  protracted  excretion  of  potassium  iodide  evidences 
a  more  or  less  severe  functional  impairment  of  the  tubular 
epithelium  and  the  impairment  seems  to  be  proportional 
to  the  protraction  of  excretion. 
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The  study  of  the  excretion  of  water  and  sodium 
chloride  is  afforded  by  careful  and  exact  observation  of 
the  balance  of  water  and  sodium  chloride  metabolism, 
by  administration  of  test  meals  consisting  of  ^  to  i  litre  of 
water  containing  10  grm.  sodium  chloride. 

The  results  of  functional  tests  in  renal  complaints 
described  by  Schlayer  and  Takayasu  are,  amongst  others, 
the  following  : — 

(1)  Those  acute  cases  of  nephritis  which  are  accom- 
panied by  oliguria,  and  in  which  the  percentage  and 
absolute  excretion  of  sodium  chloride  are  unaffected,  are 
to  be  described  as  acute  vascular  nephritis.  In  these 
cases,  the  excretion  of  milk-sugar  is  faulty,  but  that  of 
potassium  iodide  normal. 

(2)  Impairment  of  the  renal  vessels  is  not  always 
necessarily  accompanied  by  oliguria  ;  polyuria  may  be 
observed,  caused  by  a  hypersusceptibility  of  the  vessels 
as  a  result  of  pathological  stimulation  (vascular 
hyposthenuria). 

(3)  The  amount  of  water  excreted  permits  no  definite 
judgment  of  the  condition  of  a  kidney;  only  nephritic 
oliguria  is  a  definite  symptom  of  serious  vascular 
impairment. 

(4)  The  production  of  a  highly  concentrated  urine  is 
not  always  a  sign  of  satisfactory  renal  function  or  intact 
kidneys.  The  production  of  a  urine  of  low  concentration 
is  also  by  no  means  always  a  sign  of  renal  weakness. 
If  the  tubules  are  unimpaired,  the  excretion  of  dissolved 
substances  and  thus  die  specific  gravity,  are  quite  a  definite 
measure  of  the  biological  condition  of  the  renal  vessels. 
If,  on  account  of  impairment,  their  work  is  decreased,  a 
concentrated  urine  is  excreted.  If,  on  the  other  hand, 
they  are  hypersusceptible,  a  less  concentrated  urine  is 
produced. 
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(5)  In  chronic  vascular  nephritis  (to  this  class  belongs 
contracted  kidney),  just  as  in  acute  nephritis,  the  excretion 
of  water  is  altered  by  physiological  substances,  that  of 
sodium  chloride  remaining  normal.  Of  foreign  substances, 
milk-sugar  is  imperfectly  excreted,  potassium  iodide,  on 
the  contrary,  being  excreted  in  a  normal  manner.  Here, 
too,  there  are  two  different  kinds  of  impairment  of  the 
renal  vessels  :  one  accompanied  by  polyuria  and  one  by 
oliguria. 

(6)  Vascular  renal  impairment  with  polyuria,  e.g.  in 
polyuric  contracted  kidney  (polyuria  and  hyposthenuria), 
is  caused  by  hypersusceptibility  of  the  renal  vessels  ;  water 
and  sodium  chloride  from  the  food  are  excreted  in  the 
form  of  vascular  hyposthenuria.  An  increased  consumption 
of  sodium  chloride  is  excreted  with  simultaneous  increase 
of  excretion  of  water,  even  when  the  amount  of  water 
consumed  is  not  increased. 

(7)  Renal  vascular  impairment  with  oliguria  depends 
on  a  decreased  susceptibility  of  the  renal  vessels  (torpor 
renalis).  An  increase  in  the  consumption  of  sodium 
chloride  is  not  excreted  in  spite  of  an  increase  in  the 
amount  of  water  consumed,  as  the  renal  vessels  are 
inactive. 

Working  on  an  entirely  different  experimental  basis, 
Monakow  in  F.  Mtiller's  clinic  made  a  differentiation  of 
the  forms  of  nephritis  based  on  functional  tests  different 
from  Schlayer's  classification  (into  vascular  and  tubular 
nephritis)  ;  the  former  divided  azotaemic  (nitrogen-retain- 
ing) from  chloraemic  (sodium-chloride-retaining)  forms  ; 
Widal,  on  the  same  principle,  had  already  made  a  similar 
classification  on  the  basis  of  clinical  conditions.  "  In 
comparing  the  anatomical  changes  with  the  clinical 
picture  obtained  by  functional  tests,  it  seems  highly 
probable  that  the  distribution  of  the  functions  amongst 
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the  various  sections  of  the  canal  system  of  the  kidney  is 
such  that  the  excretion  of  nitrogen  is  definitely  connected 
with  the  glomeruli  and  that  of  sodium  chloride  and 
water  with  the  convoluted  tubules. 

In  this  last  section  of  functional  renal  diagnosis  on  a 
physiological  basis,  \ve  have  been  rather  limited  in  describ- 
ing the  results  of  the  new  methods  of  diagnosis  and  treat- 
ment of  medical  renal  complaints,  results  which  are  still 
somewhat  scanty. 

The  results  of  the  various  observations  still  exhibit 
many  contradictions  and  great  deficiencies  in  explaining 
the  symptoms  of  nephritis,  often  so  extremely  complicated. 

But  we  feel  that  this  trend  of  research  is  the  correct 
one  ;  when  the  methods  are  perfected  and  extensive 
subsequent  examinations  have  been  made,  it  should  lead 
to  the  desired  goal — the  promotion  of  the  diagnosis  and 
treatment  of  Bright's  disease.  The  stereotyped  diagnosis 
of  "  nephritis"  should  be  replaced  by  a  modern  diagnosis 
built  up  on  topical  functional  tests;  the  nihilistic  and 
thoughtless  line  of  treatment  usually  adopted — rest  in 
bed  and  a  milk  diet — should  give  place  to  a  thoroughly 
individual  modern  method  of  treatment  of  renal  cases, 
one  based  on  a  recognition  of  the  various  separate  func- 
tions of  the  kidney. 
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